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ABSTRACT 

This report describes work performed by Southland Royalty as contractor 

and 'Mackay Minerals Research Institute, Haskins-Pfeiffer Inc., Thermal 

Power Company, Energy and Natural Resource Consultants Inc., and Chris­

tiansen Drilling Inc. as subcontractors for work on geothermal reservoir 

assessment in northern Dixie Valley, Nevada. (Figure 1, Page 2) 

Existing data comprised of multilevel aeromagnetic surveys, a magneto­

telluric survey, thermal gradient holes, a report by Geothermex entitled 

"Geothermal Potential in Dixie Valley, Nevada" which included seismicity, 

gravity, magnetic, and gradient hole information, and a report by Keplinger 

and Associates Inc. entitled "Preliminary Evaluation of Dixie Valley Geo­

thermal Potential and Associated Economics" were delivered at the beginning 

of the contract term. During the contract two additional 1500 foot 

temperature gradient holes and two deep exploratory wells were drilled and 

tested. Hydrologic-hydrochemical, shallow temperature survey, structural­

tectonic, petrologic alteration, and solid-sample geochemistry studies were 

completed by the Mackay Minerals Research Institute of the University of 

Nevada at Reno. In addition, eighteen miles of high resolution reflection 

seismic data were gathered over the area. 

The study indicates that a geothermal regime with temperatures greater 

than 4000 F may exist at a depth of approximately 7500' to 10,000' over an 

area more than ten miles in length. 

evaluate the reservoir. 
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Further work will be required to 
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SCOPE OF WORK 

In May of 1978 Southland Royalty Company and the Mackay Minerals 

Research Institute of the University of Nevada at Reno submitted a proposal 

in response to RFP number ET-78-R-08-0003 which called for a joint in­

dustry/academic evaluation of the geothermal potential in the northern part 

of Dixie Valley, Nevada. The area to be covered extended from Dixie Hot 

Springs on the south to Sou Hot Springs on the north. The initial purpose 

of the study was to evaluate existing information regarding this area, 

including existing data delivered under this contract. It was then expected 

that a structural-tectonic review of the area would be commenced, addi­

tional intermediate depth temperature gradient holes would be dr illed, 

existing wells and springs would be sampled, and a grid of one meter 

temperature holes would be installed. Coincident with submission of the 

proposal, eleven promising locations for deep well tests were permitted. It 

was assumed that preliminary evaluation would allow selection of the 

optimum two well sites by the time permits to drill were received. The 

proposal further anticipated that once the two deep wells were drilled 

petrologic alteration studies of the drill cuttings could be conducted, 

evaluation of fluids collected could be integrated with other hydrologic­

hydrochemical information which had been collected, and structural and 

tectonic information could be updated if the wells intersected faults or 

thrust planes. 

The contract was finally executed in November of 1978, at which time 

the review of existing data commenced and field work limited by adverse 
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l 
weather condi tions was commenced. Due to ' the nature of the academic 1 
calendar and the timing of the wells certain phases of the studies were not 

conducted in the sequences originally contemplated. In September of 1979 

the scope of work was modified to add a high resolution reflection seismic 

survey of approximately eighteen miles designed to intersect the location 

of the Dixie Federal 66-21 wellbore and to provide for a geochemical 

analysis of the soil samples collected in the vicinity of the two deep wells 

and from 100' intervals in each of the wells. 
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RESULTS PREVIOUSLY DELIVERED 

Data delivered under this contract is available from the University of 

Utah Research Institute, Earth Science Laboratory, 420 Chipeta Way, Suite 

120, Salt Lake City, Utah 84108. Existing data delivered at the beginning 

of the contract is available under designations NV/DV/SR-l through NV/­

DV/SR-IO. The well history of Dixie Federal 45-14 (TD 9022 1
) is available 
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under the designation NV/DV/SR-ll. The well history for Dixie Federal 66-

21 (TD 9,780') is available under the" designation NV/DV/SR-12. A graphic 

1 drilling history and a temperature profile for each well are presented in 

Figures 2 through 5 • . The Mackay Minerals Research Institute report on the 

first phase of the contract entitled "Geothermal Reservoir Assessment Case 

Study, Norther·n Basin and Range Province, Northern Dixie Valley, Nevada--

Final Report" is available in two volumes designated NV/DV/SR-13. Because 

this report synthesizes most of the information obtained in the study, the 

narrative section (Volume 1) is included here as Appendix F-l. The final 

report of the Mackay Minerals Research Institute has the same title and is 

labeled Volume 3--Soil Geochemistry and Petrochemistry. It carries the 

designation NV/DV/SR-14. The text of this report is included as Appendix F-

2. 

NEW RESULTS 

The interpretation of the seismic survey is included as Appendix F-3. 

In addition, a final report on the isotope analysis which was performed 

by the Desert Research Institute on fluid samples from Dixie Valley is 

included as Appendix F-4. The isotope data were not available for earlier 

inclusion in the Mackay Mlnerals Research Institute Report. Results from 
J 

two 1500 foot temperature gradient holes (SR-3 and SR-4) which were drilled 

in the latter part of the contract are included here as Appendix F-S. 

J 
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6/23/79 

Ran Schlumberger logs, 
logs, and blew wei I 

Set 7" I I ner at 6290' 7/7/79 

Schlumberger logs, blow downs 7/3/79 

Set 7" I i ner, blow down 7/8/79 
T.D. 9022' Rig released 7/10/79 

Total 77 rig days 
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casing 
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casing ' 

7" 
II ner 
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open 
hole 
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EVALUATION OF RESULTS 

Prior to the study it appeared that Dixie Valley would provide a good 

geothermal environment because it had numerous surface manifestations of 

heat, historic activity along major faults, and was the lowest valley in the 

northern part of Nevada with water movement into it from a very large 

contiguous hydrologic basin. Thus, the requisite components for a 

geothermal system - heat, active or open fractures and fluids - appeared to 

be available. In addition a postulated gabbroic complex appeared to provide 

a potential reservoir seal. The chief questions were whether commercial 

temperatures could be reached at an economic depth; whether a reservoir was 

present; and, if so, its exact nature. 

With the results of this study it is possible to say that the depth to 

commercial temperatures may range from 7500 to 10,000 feet below the surface 

of the valley along its margins. It is postulated that this depth will 

increase as one approaches the center of the valley. The linear distance 

over which commercial temperatures can be expected to be found is probably 

greater than ten miles. The width of the temperature regime is uncertain, 

but there" is at least some evidence (temperature gradient hole SR-4) to 

indicate that the heat regime lies on the eastern side of the valley as well 

as along the western margin. 

The study also confirms the idea that active faulting in the area 

should result in open fracture patterns in many parts of the valley. 

However, in some areas, such as Dixie Federal 45-14, fractures may be so 

infrequent or so sealed that the potential for hot dry rock geothermal 

systems may be greater than for hydrothermal systems. 
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Fluids in the valley appear to be abundant although there is some 
, . 

evidence to indicate more than one hydrothermal regime exists in the valley. 

Structural or sedimentary controls may have an important bear ing on which of 

these fluid regimes may have the greatest potential for economic use. 

The part of the geothermal regime which is least well understood is the 

nature of the reservoir. 

The nature of Dixie Valley geothermal resource is probably unique 
\ 

within the Basin and Range Province. The structural complexity of the area 

is related to apparent rifting of the valley and the presence of the 

Humboldt Lopolith. It is therefore unlikely that a continuous homogeneous 

reservoir will exist across the entire northern part of Dixie Valley. The 

area encompassed by mapped surface outcrops of the Humboldt Lopolith and the 

adjacent part of the valley containing extensive gabbroic sequences may be 

the area in which optimum conditions for geothermal energy production are 

most likely to be found. Areas in which faults are acting as thermal 

conduits may have potential for economic geothermal energy production in 

areas where no specific reservoir rocks are found. Long term development of 

the geothermal resource in Dixie Valley will require additional drilling to 

define areas of this reservoir that are characterized by both depth and 

temperature regime suitable for commercial application for electric power 

production. Although geothermal resources at lower temperatures than those 

presently considered economic for such power production exist in Dixie 

Valley, its remote location makes economic development of those resources 

unlikely in the near future. 
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Chapter 5. HYDROLOGY AND HYDROGEOCHEMISTRY 
By: Burkhard W. Bohm, Roger L. Jacobson, Michael E. Campana, 

and Neil L. Ingraham 



5.0 HYDROLOGY AND HYDROGEOCHEMISTRY 
5.1 Introduction 
5.1.1 Purpose and Scope 

The purpose of this portion of the study is to provide hydrologic 
and hydrogeochemical input to the construction of the Dixie Valley 
geothermal model. Since some of the most important aspects of hydro­

thermal reservoir assessment are the fluid characteristics and flow 
parameters, the hydrology and hydrogeochemistry of a particular re­
servoir must be considered in the formulation of any hydrothermal 

reservoir model, even a conceptual or qualitative one. Our primary 
efforts were devoted to extensive isotopic and hydrochemical sampling 
and interpretation of these data as direct and indirect indicators of 
the nature of the reservoir. Most of the work focused on the area of 
greatest interest to Southland Royalty Company, the northern half of 
Dixie Valley (between Dixie Meadows and Sou Hot Springs). The study 

also involved sampling outside this particular region. 
The major tasks of the hydrologic-hydrogeochemical study are as 

foll ows: 

(1) Review the available hydrologic and hydrogeochemical data. 
(2) Obtain water samples from selected welis, hot springs and 

co 1 d s pri ngs . 

(3) Analyze water samples for major, minor and selected trace 
chemical constituents and environmental isotopes. 

(4) Collect temperature and other data from selected wells and 
springs. 

(5) Estimate recharge rates and source areas and groundwater 
flow rates. 

(6) Estimate reservoir geometry. 
(7) Provide estimates of reservoir water chemistry and, USing 

geothermometry, reservoir temperatures. 
(8) Provide hydrologic and hydrogeochemical input to the for­

mulation of a conceptual model of the Dixie Valley 
hydrothermal system. 

The interpretation of the envi rctlmenta1 isotope data was intended 
to supplement the hydrogeochemical data and provide additional 
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hydro 1 ogi c information, parti cul arly with res'pect to recharge to the 
reservoir. However, the complete suite of isotope data has not yet 
been received. The interpretations and conclusions presented herein 
have been made without the benefit of any isotope data, and are based 
almost solely upon the hydrogeochemistry. This is not an ideal ap­
proach, but was dictated by circumstance. Therefore, this' chapter is 
incomplete since it is devoted primarily to the hydrogeochemistry of 
the study area with little discussion of the hydrology. An addendum 
to this chapter will be written as soon as the isotope data have been 
received, interpreted and integrated with the rest of the information. 

5.1.2 ' Methods and Analytical Techniques 
Approximately 100 samples of the thermal and non-thermal waters 

were collected. The collection generally involved filtration through 
a 0.45 ~m filter for a gr6ss ~mple and an ~cidified sample. Nitric 
acid was added to lower the pH to approximately 2. Samples were col­
lected for silica using a 1 :10 field dilution of the thermal waters 
with distilled water. Isotope samples were collected by completely 
filling a 125 ml glass bottle and sealing the bottle with Parafilm 
and electrical tape. 

Field measurements were made of temperature, electrical conduc­
tivity (EC), pH and dissolved oxygen (DO). Laboratory determinations 
were made for Ca, Mg, Na, K, HC03~ Cl, S04' N03, Si02, F, B, Li, As, 
Cs, Al, Hg, Fe, Mn, Sr and Ba in the Water Resources Center Labora­
tori es . 

3H analyses (both enriched and unenriched) were performed in 
Water Resources Center Laboratories. 180 and 2H samples were sent to 

. the Laboratory of Isotope Geochemi stry at the Uni vers i ty of Ari zona 
for analysis. 

5.1 .3 Previous Work 
Very little previous work on the hydrology and hydrogeochemistry 

of Dixie Valley exists. A paper by Zones (1957) describes some of the 
hydrol'ogic effects of the 1954 Dixi'e Valley earthquake. A reconnais-

, . 
sance study by Cohen .and Everett (1963) gives an overview of the 
groundwater hydrology of Dixie and Fairview Valleys. This report also 
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includes a brief description of ~he groundwater chemistry of the 
Dixie-Fairview area. A total of 13 water chemistry samples were col­
lected in an area of 2360 square miles, a very low sampling density. 

The data presented in this report were insufficient to draw any sub­
stantive conclusions concerning the groundwater system in Dixie 
Valley. Additional work of a limited nature in the valley was con­
ducted by Keplinger and Associates (1977 and 1978) and by GeothermEx. 
Inc. (1976). 

5.2 Analytical Results 
5.2.1 Chemical Characteristics of Dixie Val -ley Waters 

Table 5-1 shows the chemical analyses of all the samples col­
lected during the study. Variations in gross chemical properties of 
Dixie Valley groundwater and surface water are evident on a trilinear 
diagram (Figure 5-1). Percentages of equivalents were plotted for 

major anions and cations (Cl, S04' HC03 and C03, Ca, Mg and Na + K). 
The three hot spring systems of the valley plot as separate groups. 
Dixie Hot Springs (0) show significant variation, but generally they 
are su1fate-chloride-potassium-sodium waters. Hyder Hot Springs (H) 
show little variation, and are bicarbonate-potassium-sodium type 
waters. Sou Hot Springs (S) is an intermediate type, having roughly 
similar equivalent percentages of the major ions. The hot springs of 
McCoy Ranch (M), Lower Ranch and southern Jersey Valley seem to be 
related to Hyder Hot Springs. Buckbrush Seeps (B) also seem to be 
closely related to Hyder, perhaps due to structural relationships. 
However, Buckbrush Seeps might be affected by evaporation. Surface 
runoff from the Stillwater Range, irrigation wells from the northern 
part of the valley and waters from the eastern ranges (Clan Alpine and 
Augusta Mountains) show wide variations. There is, however, a rough 
grouping of the water quality samples according to their areal dis­
tribution in the valley. For example, the samples from the deep 
wells (OF 45-14 and OF 66-21) and well SR2-A seem to be related to 
Dixie Hot Springs. It should be noted that samples from OF 45-14 
and OF 66-21 may not be representative of the geothermal reservoir 
fluids because of contamination from drilling fluids and additives 
and/or shallow groundwater. 
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Table 5-1. Chemical Analyses of Dixie Valley Waters. 

The l~tter or number in the first column identifies the group 
sample according to the following code: 

A - Artesian wells in the vicinity of Dixie Settlement. 
S - Suckbrush Seeps. 
C - Carson Sink (western slopes of the Stillwater Range). 
o - Dixie Hot Springs. 
E - Spring or stream from the eastern mountain ranges (Clan Alpine 

and Augusta Mountains.). 
H Hyder Hot Springs. 
I - Irrigation wells in the northern part of Dixie Valley. 

L - Wells in the vicinity of Dixie Settlement .' 
M - Intermediate temperature springs around McCoy Ranch. 
S - Sou Hot Spri ngs . 
W - Spring or stream from the Stillwater Range. 
1 - OF 45-14 (probably contaminated). 
2 - OF 66-21 ,' (probably contaminated). 
3 OF 45~ 14. 
4 - OF 66-21 (probab,li contaminated) . 
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Table 5-1. Chemical Analyses of Dixie Valley Waters. 

DATE T£MP PH CA HG NA K CL 50~ HC03 5102 C03 TDS 
w llO~7 'J01l78 15.00 11.00 105.600 43.300 133.000 .320 168.000 297.000 2~7.QOO 28.500 -0 1022.810 II lU 09 92d18 16.00 6.90 270.400 31.300 211. 000 4.000 203.000 682.000 308.000 33.400 -0 1143.190 II nVcl 32019 13.00 1.411 46.500 26.600 46".000 3.850 605.000 201.000 !94.000 26.000 -0 1515.661 \I ovn 32079 Il'OO 8.50 56.000 32.000 116.~00 3.1100 12.600 92.4110 02.000 19.800 -0 "36.145 w OVII31 51519 1 .00 8.35 1l2.!>00 33.500 1011.000 2.600 126.000 218.000 225.000 20.000 -0 815.990 II nV03? S151'1 ?b.00 8.17 54.500 52.500 116.000 10.100 258.000 178.000 251.000 31.800 -0 1012.A20 II OVO,,5 51579 14.00 1.69 68.000 35.000 luo.ooo 2.800 115.000 97.000 306.000 14.500 -0 7311.600 w OV046 51571,1 15.75 8.35 44.500 21.500 70.1100 1.600 68.000 41.000 278.000 18.5011 -0 543.390 II OV047 51519 8.00 8.50 42.000 24.000 80.000 1.700 83.000 52.000 267.000 18.000 -0 567.100 II OV04A 51519 13.50 1.7A 54.!l00 30.500 711.000 1.900 83.0110 66.000 319.000 16.500 -0 649.400 w OVO,,9 51579 15.75 11.21 48.000 37.000 123.000 3.000 126.000 112.000 306.000 20.200 -0 175.200 w nv050 51579 16.00 11.45 39.500 26.g00 9".000 1.AOO 96.000 65.000 262.000 18.500 -0 603.110 II nV051 51519 7.00 8.17 41.500 32. 00 114.000 2.1>00 118.000 88.500 289.500 20.000 -0 106.9~0 w OV052 51519 17.00 8.54 53.000 24.000 165.000 3.000 194.000 161.000 205.000 23.000 -0 82B.490 II nV053 6257'" 111.00 7.20 .75.000 711.000 118.000 2.600 150.000 518.1100 360.000 l'I.5011 -0 14<'1.414 II Ov055 6251'" 15.00 7.86 66.000 34.500 120.000 3.800 140.000 105.000 ~4t·00O ~9.500 -0 1135.180 II OVSh 62579 5.00 1.66 65.000 31.800 117.000 1.500 30.0110 14.000 1 .000 0.000 -0 866.h80 w OV051 62519 15.00 iI.45 44.000 40.000 138.000 3.300 149.000 122.000 316.000 20.000 -0 1132.610 II OV05A 62519 15.01) 8.60 41.500 21.1100 105.000 2.100 109.000 86.000 279.000 r' OOO -0 668.720 II OV059 62579 2A.00 8.10 38.000 31.300 F3 .000 2 .... 00 121.000 l04. 000 ~~5.000 9.500 20.000 68A.09O' II Ov067 625l'l 16.00 7.33 262.~00 33.300 15.000 3.500 218.000 H'OOO 9.000 6.300 -0 p6 .430 w OV07S 723 9 2.00 1.40 9~. 00 16.900 lbl.000 2.700 227.000 I .000 321.000 2b.000 -0 056.785 II Ov092 091279 43. 8 48 32.000 65.000 197.000 1.500 255.000 168.000 282.000 32.500 11.100 1058.l95 II Ovl02 62519 14.00 L71 104.000 36.000 138.000 I.MO 226.000 l6.000 348.000 46.500 -0 1026.430 II Oy 1 03 62579 14.00 1.79 62.500 26.500 82.<;00 ?.100 125.0110 83.000 234.000 32.500 -0 648.120 w OvIO~ 62519 3.00 1S.IJ 14. UOO 31.000 p2.000 ?400 155.000 94.000 310.000 35.000 -0 A13.710 w ovI05 6257Ci 28.00 8.51 39.500 22.000 02.000 4.900 44.000 84.00a 135.000 37.500 12.300 581.460 II OVI06 62579 2b.80 11.32 42.000 26.500 pB.OOO 3.300 148.000 88.000 207.000 35.000 3.900 672.000 II OV161 62579 15.50 7.51) 65.000 36.500 30.000 3.000 111.000 117.000 294.000 32.000 -0 B48.860 w OvioA h2519 1".50 1.6? 10.500 39.800 lItO.OOO 3.200 185.000 125.000 320.000 32.500 -0 916.400 II OVI09 62519 22.50 fI.35 65.000 46.500 I1l2.000 9.<'01) 245.000 1110.000 267.000 30.800 6.700 1032.820 II nV110 62519 15.50 1.81 60.000 3".500 btl.oOO 2.900 Fh.ooo 122.000 173.000 17.500 -0 b04.430 II OVlt1 6251'J 14.00 7.19 100.000 41 .3uO 'i7.S00 3.100 62.000 184.000 278.000 21.300 -0 888.510 
( C501 7231'1 15.00 1.93 60.200 33.~00 101l.000 3.010 Ihl.000 120.000 218.000 21.000 -0 724.410 r. CSOl 1237'J 16.00 1.60 59.900 34.900 110.000 2.540 145.000 118.000 266.000 16.000 -0 152.340 c C504 1237'1 16.00 1.58 97.1100 35.100 48.000 1.560 IA8.000 115.000 134.000 43.000 -0 664.460 (: CS06 12379 21.00 7.63 1t83.000 36.500 1011.000 2.440 13".000 113".000 278.000 32.000 -0 2218.485 C (507 7237'1 22.00 1.93 267.000 32.300 2b6.000 h.'550 315.000 15.100 199.000 29.000 -0 1197.311 C C508 72319 24.00 d.l) 135.000 31.1\00 266~01l0 1.880 318.000 342.000 18.000 29.000 -0 1445.505 
1'1 OV041 51579 28.00 9.59 13.100 2.100 1150.000 16.900 360.000 450.000 1194.000 ~2.000 ~33.000 3661.700 8 OV04? 51579 15.00 9.117 1.000 .600 352.000 1.200 120.000 112.000 321.000 61 .• 000 132.000 1102.800 
f lll02 9<'87b 10.00 7.60 14.~00 2.300 III.OUO 1.000 10.500 F'OOO 69.700 25.600 -0 154.010 F OV03 3201'" 1l.00 1.70 31. 00 4.500 15".000 8.600 134.000 8.1100 194.000 35.000 -0 661.000 f Ovl0 3207c;, 15.00 7.3] 165.000 66.000 55.<;Ou 2.200 64.000 412.000 271.000 15.300 -0 112~.805 f Ovl2 32079 1~.00 7.27 51t.500 14.0011 31.000 1.400 ?6.01l0 64.000 214.000 23.500 -0 43 .155 F OV060 62579 .00 7.IIS 14.500 2.no 21.000 1.500 14.500 17.200 611.900 27.500 -0 161l.180 f OV061 62519 10.00 8.33 42.300 7.600 "3.500 1.200 2d.ooO 73.600 145.000 22.500 -0 363.990 r OV06? 62579 23.00 1.92 34.000 7.100 41.600 1.100 25.0(10 59.000 p5.000 26.100 -0 330.000 f OVOhl 6?579 18.00 1.40 19.000 6.100 2~.000 ?.900 21.000 ~1.200 01.000 35.500 -0 232.905 f OVI)91 091279 32. II.S8 3.100 .0bO 105.000 1.000 41. 000 0.000 126.800 35.000 9.800 395.960 
l lLl 03 921l7t1 19.uo 7.70 20.900 2.070 62.bOO 3.900 25.800 78.800 99.000 61t.000 -0 358.180 l lLl 04 928711 16.00 7.90 28.300 2.200 56.000 4.300 25.000 78.1100 111.000 64.800 -0 310.840 ...... 
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Table 5-1. Chemical Analyses of Dixie Valley Waters. {cont'd.} 
\..' 

DAlE TEMP I' Ii CA HG NA K CL-
104 OV05 3207'J 39.00 7.10 39.000 13.7011 144. 000 12.000 27.000 H OVOl> 3207'1 29.00 6.95 68.000 19. 100 164.000 12.300 ?'A.ooO H OV1I 3201'J 1t3.00 6.90 95.000 31.500 l13.000 10.300 275.000 ,.. OV 115 62519 50.00 7.3~ 91t.OOO 36.500 218.000 10.000 2A6.000 M OVI16 6?519 1t0.00 6.8 67.000 18.500 240.000 2:\.800 39.000 

OV069 070979 61i.5 9.!) 20.';)00 .050 6b!).000 65.000 A15.000 Ovl0 010919 15.5 8.9 12.500 .010 b05.000 51.000 740.000 ,0'172 010919 16.5 9.1 22.500 .010 6111.000 6".000 100.000 
? OVOAO 811t79 111t.0 8.00 35.750 3.550 121t8.000 31.000 1208.000 ? OVOHI 811t19 51.00 -0 1t2.500 4.300 1238.000 ?l.000 -0 ? nVOS2 81419 86.00 7.90 ?1.000 3.900 215.000 30.000 lI50.000 1 OV090 09121'J 94. b.8 ?4.100 '.015 410.000 40.000 493.00'0 
" nV093 091319 &3. 8. 24.000 1t.000 1730.000 44.000 1120.000 " OV'094 0913H 95. 8.~ 23 . '600 9.900 21110.000 37.000 2315.000 
T Ovl,) 042679 71. 7.b3 156.000 30.000 400.000 10 •. 000 515.000 T OVI6 11. 7 42 145.000 28.BOO 3911.000 IA.OOO 550.000 ,.J n,V,030 51579 64.50 6.B9 145.000 26'.000 405.000 ' 18.600 515.000 

w ':_--, '-..-.......... ',~ -'-../ 

504 HC03 

65.600 454.000 
124,000 554.000 
209.000 310.000 
216.000 312.000 

8H.000 B03.000 

512.000 32.400 
352.000 5.100 
352.000 6.100 

130.000 1410.000 
-0 , -0 

121.500 1391.000 
215.000 130.500 
396.000 12B3.000 
280.000 1197.000 

448.00'0 
445.000 
-HO.OOO 

i 
-------J 

200.000 
203.000 
211.000 

"---'~.-

5102 
3 __ .000 
44.000 
36.800 
32.500 
26.300 

6.500 
31.000 

300.000 

-0 
2!0.000 
2 2.000 
325.000 
1119.000 
1bO.000 

9U.000 
100.000 

05.000 

'..---'--1 

C03 ' IDS 

-0 799.385 
-0 10~9.315 

.100 11 I.SIS 
-0 1206.310 
-0 1312.200 

~8.700 2463.f05 
2.200 ! 70. 45 

117.000201.126 

-0 1t118.590 
-0 1'i23.010 
-0 4248.290 
-0 1651.545 
-0 <;410.600 
-0 60101 .300 

-0 1905.930 
-0 1898.660 
-0 1909.04S 

1 

,-} I 
'~ 

___ J 

....... 
en 
.:>0 

~~ 



Table 5-1. Chemical Analyses of Dixie Valley Waters. (cont'd.) 

f B Al FE HN l.I SR NOl AS HG CS 
L LLI 05 -0 -0 -0 -0 -0 -0 -0 1.200 -0 -0 -0 l lLl 01 8.600 -0 -0 -0 -0 -0 -0 .310 - .0 -0 -0 l LLI 08 .150 -0 -0 -0 -0 -0 -0 ~.l80 -0 -0 -0 L LLIIO -0 -0 -n -0 -0 -0 -0 2.260 -0 -0 -0 L LLlII -0 -0 -0 -0 -Q. -0 -n .090 -0 -0 -0 
A LLI06 -0 -0 -0 -0 .oig -0 -0 .2i!0 -0 -0 -0 A OV 1 6.000 .3!0 .100 .01 0 .050 :Ug -0 -0 -0 -0 A [)1I0~3 6.400 .3 _g. .100 .0 0 .005 .052 -0 -0 -0 -0 A [)1I065 6.500 -0 -0 -0 -0 -0 0 -0 -0 -0 A OIiOM. 5.AOO -0 -n -0 -0 -0 -0 0 -0 -0 -0 
I [)V03~ .490 &.000 .100 .020 .0 J1 .l60 1.1)0 -0 .01 0 -0 -0 I 011031 .100 1.100 .100 .040 .01'1 .420 2.800 -0 .0 0 .006 .050 1 OV038 1.000 1.300 .100 • OlD .008 .351 1.&10 -0 -0 -0 -0 1 OV039 1. JOO 1.0110 .10n 

'°1 0 .oos .259 ~.28n -0 -0 -n -0 1 011040 .AOO .900 .100 .U 0 .01b .350 .400 -0 .010 -0 .050 1 011100 1.150 -0 -0 -0 -u -0 -0 0 -0 -0 -0 I OVllll .900 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 I 011113 .140 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 I Oil 114 .450 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 
p OV20 .330 -0 -0 -0 -0 -0 -0 -0 -0 -0 .050 
f) LL O'HI -0 -u -0 -0 -0 -0 -0 1.150 -0 -0 -0 o Ll099 8.400 -0 -0 -0 -0 -0 -0 .090 -0 -0 -0 o lLl 00 -0 -0 -0 -0 -0 -0 -0 .090 -0 -0 -0 o lLl 01 -0 -0 -n -0 -0 -0 -0 .400 -0 -0 -0 [) OV23 12.600 .!tbO .100 .030 .11\ 5 .380 .021) -0 .010 .000 .100 o 01124 1.100 .900 .100 .010 .012 .550 4.l50 -0 .010 .000 .110 o 01l0S4· 13.000 .'JIIO .100 .010 .005 .382 .020 0 .010 .000 -0 o [)Hlh 5.300 1.600 .100 .01 0 .005 .l15 .lAO 0 .010 .ono -0 [) OHI5 12.<;00 1.000 .100· .0 0 .005 .425 .030 0 .01 0 .000 -0 o OH09 9.100 1.100 .100 .010 .008 .580 .950 0 .010 .000 -0 o OHOh 1l.200 1.800 .100 .010 .005 .410 .050 0 .010 .000 -0 o OHOR -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 o IlHln -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 
H 01104 1.600 4.000 .100 · .020· .022 1.600 1.200 -0 .030 .000 .280 H 011013 7.500 4.200 .100 .040 .001 1.680 1.2"0 -0 .0lO .000 .260 H HHSOI 8.100 4.900 .100 .020 .028 1.590 1.010 0 .020 .005 -0 H HHSO.l 1t.200 6.100 ;100 .010 .0)3 1.610 1.150 0 .010 .003 -0 H HHS05 80100 5.000 .100 .010 .040 1.590 1.090 0 .010 .004 -0 H HHS06 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 H HH~12 6.?00 4.900 .100 .010 .02b 1.560 1.100 0 .O!O .000 -0 H HHS09 8.200 S.100 .100 .010 .021 1.630 1.060 0 .0 0 .000 -0 
S 01101 50100 1.300 .IUO .(j10 .OS~ .650 10 • 800 -0 .010 .000 .120 <; 01102 5.0no 1. 310 .100 .050 .045 .1'150 1.100 -0 -0 -0 -0 c; 011015 5.100 1.200 .100 .040 .009 .110 6.200 -0 .010 .000 .11 0 S 011031'1 4.900 1.300 .100 .410 .00b .680 lO.SOO -0 -0 -0 -0 S 011015 5.]00 2.000 .100 .3110 .063 .610 1.400 0 .010 .000 -0 S ollnn -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 S 011071 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 5 011112 4.900 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 ..... 
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Table 5-1. Chemical Analyses of Dixie Valley Waters. (cont1d.) 

F H Al FE kN II SR N03 AS HG C5 

~ ll091 -0 -II -0 -0 -0 -0 -0 .090 -0 -0 -0 II lLi 09 -0 -0 -0 -0 -0 -0 -0 .090 -0 -0 -0 
II OV?I .AOO .1110 .100 .080 .011 .050 .860 -0 -0 -0 -0 II ovn .310 .550 .100 .010 .015 .0<.'0 .7AO -0 .0!8 .000 .050 14 OVO)l .190 -II -0 -0 -0 -0 -0 -0 -0 -0 w OVO]2 .320 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 W OV0405 .300 -II -0 -0 -0 -0 -0 -0 -0 -0 .050 
II OVO~I> .290 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 
~ ov047 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 II OVOIoR -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 II OVO.409 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 II /)V050 , .:HO -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 II OV051 .340 -0 -0 -0 -0 -0 -0 -0 -0 -0 .050 II OV052 .490 -0 -0 -0 -0 -0 -0 -0 -0 -0 .050 III OV053 .460 .550 .100 .1110 .005 .039 1.210 0 .010 .000 -0 
II OV055 .380 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II OV51> .180 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II OV051 .310 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 w OV05A .320 -0 - 0 -0 -0 -0 -0 0 -0 -0 .-0 II OV059 .340 -0 -0 -0 -0 -0 .350 0 -0 -0 -0 III 01101>1 1.330 -0 -0 -0 -0 -0 -0 0 -0 ""0 -0 II OV018 .510 .950 .100 .010 .005 .090 1.760 0 .010 .000 -0 
\II OV092 .300 1.100 .100 .010 .005 .030 .650 -0 .010 -0 .020 w OVIO? .330 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II OVI03 .220 .,0 -0 -0 -0 -0 -0 0 -0 -0 -0 II OV104 .310 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 w OvI05 .21>0 -0 -0 -0 - 0 -0 -0 0 -0 -0 -0 II OV106 .300 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 w Ovl07 .]60 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II I)VI08 .400 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 W ovI09 .620 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 w OVIIO .530 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 w OV111 1.310 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 
C CSOI -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 C C502 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 r. CS04 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 C C506 2.500 1.1100 .100 .010 .290 .045 4.600 0 .010 .000 -0 C CSOl 1.900 1.900 .100 .010 .032 .015 3.350 0 .010 .000 -0 C CSOR .330 .1.700 .100 .010 .005 .050 1.630 0 .010 .000 0 
Ii OVhl -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 R OV04<.' -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 
f Lll02 -0 -0 -0 -0 -0 -0 -I) .710 -0 -0 -0 f OVOl .1>00 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 £ OVIO .160 .2100 .100 .020 .015 .020 4.250 -0 -0 -0 -0 f OV12 .300 .230 .100 .010 .015 .0)0 .690 -0 -0 -0 -0 f. OV060 .360 - 0 -0 -0 -0 -0 -0 0 -0 -0 -0 E OVOl>1 .290 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 f OVOh2 .300 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 f OVOh3 .180 .2~0 .100 .111 0 .005 .010 .080 0 .01 0 .000 -0 E OV09) .560 1.200 .100 1 . 6 0 .050 .050 .030 -0 .0 0 -0 .020 
L lLlO] -0 -0 -0 -0 -u -0 -0 1. 510 -0 -0 -0 l III 04 -0 -0 -0 -0 -0 -0 -0 .240 -0 -0 -0 ..... 

0'1 
'-I 



Table 5-1. Chemical Analyses of Dixie Valley Waters. (cont'd.) 

f R AL FE MN Ll SR NOJ 4S 
H OVO", J.100 • .,,00 .100 .010 .015 .270 .690 -0 -0 
.. OVOI> 2.ROO 1.260 .100 .010 .015 .350 1.J80 -0 -0 
H Ovll I. JOO .BOO .100 .010 .005 .1 SO 2.450 -0 -0 .. OV 115 1. ]10 -0 -0 -0 -0 -0 -0 0 -0 .. OVl16 6.600 -0 -0 -0 -0 -0 -0 0 -0 
1 OV069 1. '\50 5.200 -0 .0lO .OO~ I.OhO .160 -0 -0 I ovl0 8.500 9.200 -0 .100 .005 1.290 .190 -0 -0 I OV 1? 9.500 9.600 -0 .100 .006 1.540 .320 -0 -0 ? OVOAO -0 11.000 -0 -0 -0 1.290 -0 0 t· 4OO 
? OVOIi~ -0 -0 -0 -0 -0 1·~lO -0 0 'AoO ? OVOI!. ,.0 10.bOO -0 -0 -0 • 90 -0 0 • 00 3 OV090 1.600 8.500 .100 1.610 .050 1.010 1.060 -0 .590 
4 OV091 1.900 12.100 -0 -0 -0 -0 -/I -0 .160 4 OVOl}4 8.800 -0 -0 -0 -0 -0 -0 -0 .1bO 
T OVI,) 4.390 -0 . -0 -0 -0 .910 J.440 -0 "'0 T OVII> 4.400 5.500 -0 -0 -0 .9bO -0 -0 -0 T Ov030 4.400 4.100 .100 .0,,"0 .0]0 .915 3.200 -0 · .040 

All concentrations are in parts per million (ppm) and temperatures are in 0C. 

~~ i - .' 
\..--- '~ '-...---./ ... ---- ..---, .-~ 

HG 

:-0 
-0 
~O 
-0 
-0 

-0 
-0 
-0 
-0 
-0 
-0 
~O 
-0 
-0 

-0 
-0 

.000 

. ..----

CS 

-0 
-0 
-0 
-0 
-0 

.130 

.290 
-0 

.210 

.280 

.200 

.325 
-0 
-0 

· -0 
-0 

.140 

: ____ J 
.. .r---' ~-J 

..... 
en 
co 

1 ._--" 











































































































































































































































23 

element and, to lesser degrees, certain Hg compounds is unique among the 
metals. Mercury volatility is ,enhanced by the elevated temperatures 
within a geothermal system and its mobility in the vapor phase allows it 
to migrate to the surface through permeable zones. Robertson and others 
(1978) noted that elemental mercury was the dominant 'gaseous form of 
mercury in a study of effluent from eight geothermal areas. 

While native mercury is known to occur in certain mi.neral deposits, 
including several within the Bernice Canyon district on the east side 
of Dixie Valley, generally it is found as the sulfide (cinnabar HgS) or 
as a trace within the lattice of other minerals. Various mechanisms have 
been proposed whereby mercury bound in this manner may be converted to 
the native element. 

Figure 3-1 shows the relative stab'ility fields of the important in­
organic mercury compounds. The sulfide which has a restricted field of 
stability will yield native mercury in the zone of oxidation. Mercury 
contained within the lattice of other sulfides such as pyrite (FeS2) 
or sphalerite (ZnS) may also be released as the native element upon 
oxidation. This involves the coupled oxidation of sulfur with the re­
duction of mercuric (+2) ion. The oxidation may occur in steps initial­
ly producing mercurous (+1) ions. The mercurous ions may then dispro­
portion'ate by the following reaction (Jonasson and Boyle, 1972): 

2Hg+ ~ Hg++ + HgO 

Natural reducing agents such as iron may account for Hg(O) release 
below the zone of oxidation. McNerney and Buseck (1973) proposed stoi­
chiometric adjustments within sul,fide lattices as a possible source of 
electrons which could reduce mercuric ion and release vaporous mercury. 
Khayretdinov (1971), citing the inert behavior of mercury at higher 
temperatures, indicates elemental mercury may be electrochemically bound 
to the surface of mineral grains at depth and migrate in response to 
electrochemical gradients. Dickson (1968) proposed a source of native 
mercury from thermal decomposition of existent cinnabar combined with 
the reaction of sulfur with certain other ionic species. The release 
of Hg(O) by the thermal dissociation of various inorganic mercury com­
pounds has been shown by Koksoy and others (1967). They indicated com­
plete decomposition of mercurous and mercuric chloride below 2500 C, 
and HgS below 3400 C. Detectable quantities of native mercury and the 
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Creeks drain the area of the Red Bird mercury mine and could contribute 
anomalous amounts of arsenic and/or mercury. 

The mercury values associated with the Buckbrush fault trace are 
generally low but the higher values are among the low anomalous group. 
Given the nature of the sediments and mercury values associated with the 
playa elsewhere, the areas above the 40 ppb contour along the Buckbrush 
fault trace must be considered anomalous. The path of this fault trace 
becomes less clear to the north due to cultural modifications to the 
land surface, but several other geochemical highs are associated with 
the postulated fault trace. While it is not clear on the contour map 
(Plate I), point 373 which is approaching the fault trace is a high 
anomalous mercury value. Profile C-C', discussed in more detail below, 
shows progressively higher values towards the fault trace. 

3.2.4.10 Sun Oil Company \~e 11 s 
. Observed coincident geochemical and structural trends discussed 

above are significant in relation to the deep exploratory wells which 
have been drilled by Sun Oil Company in this area. At least three of 
the four wells are producers, with the depth of production from approxi­
mately 2200 to 2900 m (7200 to 9500 ft). 

No obvious geochemical anomalies were identified near these wells 
by the 305 m (1000 ft) sampling. One potential reason for the generally 
low to moderate mercury values is the presence of very fine-grained 
sediment. Although the wells are considerably north of the furthest 
extent of the playa at present, the surface is quite likely underlain 
by older fine-grained playa material. 

Since the Sun Oil Company Wells are proven producers and since a 
splay of the Buckbrush fault lies to the east, it was decided to profile 
across the zone of drilling at 30 m intervals (line C-C'; Plate III). 
The results of the traverse are shown in Figure 3-14. The correlation , 

of arsenic and mercury along the traverse ;s stronger here (r = .38) 
than in other areas but is still rather weak. Similar to other 
areas in the valley, this may be due to a difference in sources or dis­
persion mechanisms for these two elements. The arsenic and mercury 
values become consistently higher to the east near the Buckbrush fault 
trace. Whether the fault, the geochemical values, and producing wells 
are related is not clear but comparison to nonproducing wells OF 45-14 



fT r. r 
-

j I 
\ 

r ') I I 
\. 

-~
 

c.. 
c.. 
o o .... u 
.... ~
 

c.. 
c.. 
c: 
.... -

5 .. 

45. 

. .. 3
5

. 

lit 

2S1 

201 

1
5

8
 

100 c 

A
::I A

rseni c (A
s) 

H
:: M

ercury 
(H

g) 

1 
• 

5 
.&

 
7 

D
istance 

(x 
100 m

eters) 
I 

V
I 
~
 

C1J 
..... 

1
1

0
0

 
C1J 
E

 
c: 
.... c: 
o 
..... ~ >

 C1J 
.­u

.J 

2 

SIIII OIL CO. 
IE

L
L

S 

1 
• 

5 
&

 
1 

D
istance 

(x 
100 m

eters) 

Figure 3-14. 
P

ro
file of m

ercury and arsenic along 
traverse C

-C
' 

north of B
oyer R

anch 
( see P 1 a te II I ) . 

55 

c' 















































































































































A-6 

Sample '# Hg ppb . As ppm 

258 132 15 
259 164 10 
260 100 10 
261 120 15 
262 160 15 
263 116 15 
264 160 10 
265 124 10 
266 108 15 
267 140 10 
268 160 15 
269 176 10 
270 160 15 
271 144 20 
272 68 15 
273 52 40 
274 40 15 
275 - 72 15 
276 48 15 
277 40 15 
278 72 35 
279 48 20 
280 48 15 
281 56 30 
282 56 15 
283 36 15 
284 64 15 
285 40 40 
286 40 115 
287 156 35 
288 4 15 
289 56 30 
290 48 30 
291 32 10 
292 76 25 
293 72 35 
294 24 5 
295 32 10 
296 32 15 
297 44 15 
298 88 20 _ 
299 96 20 
300 56 10 
301 108 25 
302 56 25 
303 12 10 
304 32 15 
305 32 10 
306 0 10 
307 48 10 
308 160 15 
309 68 15 



J~I A-7 

,-- Sample # Hg ppb As ppm 
) I 

310 28 10 
311 36 15 

-.-J"-' 

L 312 16 15 
313 88 10 
314 40 10 . 

), l 
315 32 15 
316 . 40 10 
317 , ' 44 15 
318 72 25 
319 36 15 
320 96 15 
321 48 10 

( 322 76 15 
323 212 15 
324 6280 10 

J -: 
325 1080 20 
326 1400 25 
327 12760 15 

, 328 400 50 

1. 329 1720 35 
330 1240 10 
331 388 15 

~. 332 364 10 
~ 333 48 35 

334 248 15 
,-' 335 76 25 

~ 336 64 10 
337 40 10 
338 32 10 

(, .-
339 84 10 
340 24 10 
341 40 15 

I 342 80 15 
343 36 15 

\ 344 72 15 
345 28 35 

I 346 88 25 
). 347 40 10 

348 20 10 

l 
349 88 10 
350 , 44 40 
351 156 15 
352 84 15 . 
353 116 15 

\, ' 354 120 15 

r 
355 60 15 
356 204 15 

I 357 116 15 .... -
358 56 25 

j , 359 56 15 
360 168 5 

'-
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Figure H-3. Deuterium and Oxygen-18 Compositions of 

Hyder Hot Springs. 
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Figure H-4. Deuterium and Oxygen-18 Compositions of Hot 
Springs in the Vicinity of McCoy Ranch. 
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H.2.S Artesian Wells at Dixie Settlement and Waters from 
the Eastern Mountain Ranges. 

Both sets of waters were originally considered similar with 
respect to their chemical composition (MMRI, 1980). For this reason 
the Clan Alpine Mountains were, at least partially, considered as 
the recharge area for the waters discharged from the artesian wells. 
The isotopic composition of waters from the eastern mountains is 
variable and indicates low elevation waters (Figure H-S). Only 
one sample (DV83 from Shoshone Spring) plots within the range of the 
artesian wells, which are all high elevation waters. 
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Deuterium and Oxygen-18 Compositions of Artesian 
Wells at Dixie Settlement (e) and Waters from 
the Eastern Mountain Ranges (6). 

According to water chemistry Shoshone Spring is an anomaly within 
all the other waters in the eastern mountains (DV9l in MMRI, 1980). 
It is a ~arm spring (32oC) and its chemical similarity to the 
artesian wells originally led to the conclusion that the artesian 
wells are recharged from the Clan Alpine Mountains. However, despite 
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their chemical and isotopic similarity it remains questionable whether 
there is a hydrologic connection petween Shoshone Spring and the 
artesian wells, since they are about fifteen miles apart on opposite 
sides of a mountain range. Shoshone Spring remains an anomaly in the 
Clan Alpine Mountains, in that it constitutes a manifestation of 

15 

thermal water at an altitude 1500 feet above the bottom of Dixie Valley. 

H.2.S Waters from the Stillwater Range 
Variations in 0180 and 00 are significant in this area (Figure 

H-6). Some of the variations can be explained readily. DV92 is very 
likely affected by evaporation due to heating since it was diverted 
across the valley in a PVC-pipe to the site of DFSS-2l. Variations 
due to evaporation might also apply to some of the samples from 
Cottonwood Creek and the west side of the Stillwater Range. On the 
other hand, samples which were also likely subjected to evaporation, 
such as those from White Rock Canyon Creek (e.g. DV45 to DV49) do not 

.OV92 

-17 -16 -I!S -14 -12 -\I -10 

811orx.. SMOW) 

Figure H-S. Deuterium and Oxygen-18 Compositions of Waters 
from the Stillwater Range. 



display variations that could be interpreted as evaporation. Generally 
variations in isotopic compositions from the Stillwater Range are due 
to evapo.ration and different elevations of precipitation and no oxygen 
shifts due to temperature can be recognized. 

In the ' hydrogeochemical investigation it was found that all the 
streams , in the Stillwater Range deposit CaC03 and that their TDS and 
calculated CO2-pressures were anamalously high. However, the isotopic 
values are as expected for this type of terrain. Nevertheless, be- , 
cause of the chemical, anomalies more work on hydrogeochemistry and 
isotopes should be undertaken. 

H.2.7 Sou Hot Springs 
The four samples from Sou Hot Spri ngs (DV1, DV2, DV35 and DV36) 

exhibit little variation in 15
180 among themselves, but large variations 

in cD do exist':'-as much as in Dixie Hot Springs (Figure H-7). ' DV2 
is the most depleted in cD of any individual hot spring sample. The 
low cD values 'indi cate a high el evati on recharge source for the Sou 
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system. The variation in 80 between DV2 and DV35, which were taken 
from the same orifice two months apart, implies different degrees 

f .. b 18 ' . o mlxlng etween thermal 0 shlfted waters and shallow groundwater 
at different times. The groundwater found in the irrigation wells 
to the east of Sou Hot Springs (DV34, DV37 and DV40) may be similar 
to the water that mixes with the thermal water derived at high 
elevations. 

H.2.8. DeeP Wells DF4S-14 and DF66-21 
Isotopic analyses of representative samples from these two wells 

would undoubtedly provide a wealth of information on the nature of the 
Dixie Valley geothermal system. A total of 12 samples (7 from DF4S-14 
and 5 from DF66~21) were collected from these wells. Unfortunately 
the validity of some of these samples is questionable. Possible casing 
ruptures and subsequent contamination by shallow groundwate~drilling 
fluid contamination, incomplete flushing of the wells, etc. cast doubts 
on the validity of the isotopic analyses from these wells. The fol­
lowing discussion must therefore be read in light of the aforementioned 
potential sources of contamination. 

The initial sample (DV'69) from DF45-l4 exhibited the largest 
180 shift of any sample collected during the project (Figure H-8). 
However, DV69 as well as all the other samples taken from DF4S-l4 

17 

on that same day (DV70 to DV72) were very likely contaminated with 
water from temperature gradient hole SR2-A, which was used for flushing. 
Subsequent sampling of this well showed a gradual diminishing in the 
magnitude of this shift. The last sample from this well, DV126 (col­
lected in December 1979) showed little 180 shift. This same trend 
was observed in DF66-21, al though the shi ft was not as' pronounced. 
This reduction in 180 shift probably represents a mixing/contamination 
of the original geothermal fluid with shallow groundwater, spring 
waters and/or drilling fluids (DV93 is probably contaminated with 
water represented by DV92-Figure H-8). Little change is apparent 
in samples collected between September (DV90) and December (DV126) 
of 1979~ This implies that the mixing/contamination has reached 
eq u i 1 i b r i urn . 
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Fi'gure H-8. Deuterium and Oxygen-18 Compo'sitions of 
Deep Wells DF45-14 and DF66-2l. 
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The last samples from these wells (DV90, DV125, DV126) plot 
near the waters from the eastern slopes of the Stillwater Range (DV45, 
DV46 , DV67) and waters from the Clan Alpine ~tountains (DV10, DV3, 
DV63l. This indicates that waters of this isotopic composition are 
mixing with/contaminating the geothermal fluids. 

The initially high deuterium contents in DF45-14 could be 
the results of a IIdeuterium shift ll (-Panichi and Confiantini, 1978). 
Shifts in deuterium contents are generally not as common as 180 

. -

shifts because rocks normally contain more oxygen than hydrogen. 
Notable exceptions are rocks with clay and micaceous minerals 
(Ell is and Mahon, 1977) and those containing organic matter. The 
fracture zones (see Bard, MMRI 1980) encountered in DF45-14 were en­
countered in. the organic-r.ich fine-grained metasi1tstone/metashale, which 
could be responsible for the initially hig'h levels of 'deuterium in this 
well. However, deuterium shifts are not well aC,ceptl:!d or documented. 
~~hite (1973, p. 553) stated that water-rock reactions and membrane 
filtration of isotopes have not been effective in changing the deu- · 
terium content of meteoric water that flows through these systems. 
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Isotopic exchange between H2S and H20 may occur in nature (Hitchon, 
1963) thereby providing another mechanism for deuterium content 
variations. Hydrogen sulfide was noticeable in DF4S-l4, although 
no quantitative measurements of H2S concentrations were made. Never­
theless, the possibility of contamination with shallow groundwater 
must still be kept in mind. 

Assuming that the fluid from DF4S-l4 underwent a deuterium 
shift (DV69) to a more deuterium enriched water, and that fluids 
from DF66-2l were mixed \'lith shallow groundwater, the trend lines of 
changing composition can be extrapolated backwards to determine an 
original composition for the fluid (Figure H-9). When this is done, 
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the intersection of these two trend lines yields a hypothetical com­
position of an original geothermal fluid (H in Figure H-9). This hypo­
thetical fluid has a deuterium composition which is similar to the 
fluids derived from the hot springs and the artesian wells. This 
implies recharge for the deep geothermal system from high elevation 
waters which underwent a significant oxygen shift (a horizontal shift is 
inferred assuming no boiling occurred at depth). 
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H.2.9 Interpretations of Stable Isotope and Hydrogeochemical 
Data. 

Figure H-10 is a plot con"taining all isotope data collected 
(see Table H-3for location codes). It allows comparisons between 
the various geographical groups of samples. Aside from seasonal 
variations, a geographical grouping is vaguely discernible. 

Assuming that lower oD values indicate relatively high eleva­
tions (Figure H-l) as sources of groundwater and vice-versa, changes 
on the vertical axis should permit some conclusions on the sources 
of water and th~ hydrologic system as such. Hyder Hot Springs, Sou 
Hot Springs, the artesian wells at Dixie Settlement, most of the 
hot springs in the vicinity of McCoy Hot Springs and parts of Dixie 
Hot Springs have, in comparison to all the other samples, the highest 
elevations as sources. They are all discharged in the lower part 
of Dixie Valley. However, the samples from the surrounding mountain 
ranges have lower elevations as sources. Unfortunately, no snow 
samples from the tops of these mountains have been collected. Thus 
they could possibly have deuterium values comparable with those 
found in the waters from the lower parts of the valley. 

The fact that high elevation waters discharge in the lower 
parts of the valley is in agreement with the classical models of 
arid basin hydrogeology (e.g. Maxey, 1968 and Mifflin, 1968). 
Figure H-ll shows that high elevation waters .(with long flow paths) 
di scharge in the center of the vall ey. All waters that are apparently 
derived from high elevations have one or another feature that indicates 
geothermal activity, which is another hint of deep flow (Fi.gure H-ll). 
Thus, it is very likely that recharge waters from the Stillwater Range, 
the Clan Alpine and Augusta Mountains penetrates to various depths 
and undergoes varying oxygen shifts under different temperature 
regimes. This water mixes to various degrees in the shallow subsur­
face with water originating from relatively lower elevations, and 
discharges in hot springs and wells in Dixie Valley. Systematic 
collection of stable isotope data of snow at various elevations from 
the surrounding mountains could substantiate this hypothesis. 

20 l 
l 
\ I 

l 
(l 

1 I } 



-100 

-110 
F· 

·fC .£ w..W 
OR 

·EC W ~ ~ VI 
-IZO 0 J 

•• p I:~.cf C • 
.w ·c 

~ • C 

I. 
.B M. SoC T ,w 

~ ~D 
~ 

A' .A .I W 
"J 

en -I~ ~ 
E' 

IfoM 0 'W 

• .101 M oS 

~ A, 
A' a..i~M 

'14 

Q H' 'M 
(.() 

5 -140 

-17 -16 -IS 

,. 
•• 

'W 

•• 
~ E,. •• 

.2 
Z. 

-13 

.w 
4· 

-IZ 

., 

-II 

Figure H-10. Deuterium and Oxygen-18 Compositions of 
Dixie Valley and Surrounding Waters. 

Table H-3. Location Codes for Figure H-10. 

Oessrf pefon 

A Art.s1an wells 1n tile vicfnfty of Oixf. Sanl_nt 
B Buckbrush SaaIlS 

C CInon Sfnk ( .. sta"' slopes of til. StfllwAt.r Rang.) 

o Olxf. Hot SPJ'fngs 
OR Olxf. V~ n.y rafn 

E Spring or st .... ",. til. Mite"' lIIOunUfn ranges 
(Clan Alpfne and AUIJUSU MouI!Ufns) 

EC EdlMrds CIWk V~ 11 ey 

F Fail"tfew van.y 
H Hyder Hot Springs 

I Irrigatfon .. l1s 1n til. northern ~rt of Olxf. 
van.y 

" Intln!ledf~ta taperatllN sprfngs around PICCoy II«nch 
P PIHunt v~n.y 
S Sou Hot Springs 
T T_rature Gradfent Hoi. SR%-A 

W Spring or stl"HlII ",. til. Stillwater' II«nga 

1 OF 45-14 

2 OF 66-21 
OF 45-14 

4 OF 66-21 
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Figure H-ll. Sketch of Observed Relationship in a Typical 
Desert Basin Flow System (after Mifflin, 1968) 

However, it should be pointed out that similar deuterium values 
for the hot springs and geothermal wells does not necessarily imply 
that they are hydraulically connected. It rather implies that they 
are all recharged from one common source or a set of similar sources. 

All waters that display geothermal characteristics are also 
associated with various major fault systems (Plate IV in MMRI, 1980). 
In general the chemical characteristics between the hot spring 
systems are variable, whereas their deuterium levels are similar. 
An exception is Hyder Hot Springs which is chemically similar to the 
hot springs distributed across the northeastern part of the valley, 
although Hyder is associated with a different fault system. 

In several cases the grouping displayed in Figure H-ll has a 
surprising similarity with the one used earlier in the hydrogeo­
chemical interpretation (MMRI, 1980). This supports the hypothesis 
that particular geographic areas are dominated by certain hydrologic, 
chemical and thermal regimes. 
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A comparison between isotopes and hydrogeochemistry also poses 
some contradictions. Waters from the Stillwater Range and some 
waters from the eastern mountains (DV10) have comparatively high 
TDS levels for mountain spring waters. Contrary to that, the waters 
discharged in the artesian wells in the center of the valley have 
some of the lowest TDS levels in the area. This is surprising, since 
the low deuterium values indicate high elevation waters with relatively 
long flow paths (Figure H-ll) that would cause high levels of TDS. 

The occurrence of a warm spring in the mountains (Shoshone 
Spring) discharging water that was derived from a higher elevation 
than the surrounding mountain springs suggests the possibility of 
the emergence of diluted thermal waters· in some of the mountain can­
yons. The unusually high CO 2 pressures in most mountain springs and 
extensive sinter deposition in the Stillwater Range seem to support 
this hypothesis. 

H.2.10 Tritium Concentrations 
Tritium (3H) samples were collected along with the stable isotope 

and chemical samples at each collection site. Due to the lack of 
detectable tritium in the samples and the cost of tritium analyses, 
they were s~on terminated. Twenty-seven samples were run unenriched, 
a process yielding lower detection limits of 100 tritium units (TU) . 

. Only one sample, DV1, had detectable amounts. DVl was taken from a 
pool in a large travertine crater at Sou Hot Springs which has no 
apparent discharge. It is assumed that the high reading is due to 
the pooling of precipitation of higher tritium content than the hot 
spring wat~r and evaporation. This analysis also has an inherently 
large analytical error (300 + 240 TU), which makes conclusive inter­
pretation almost impossible. 

A spring in Dyer Canyon on the western slope of the Clan Alpine 
Mountains did have a significant tritium level (58 + 8 TU). No hot 
spring, artesian well, or deep well showed detectable quantities, 
indicating that the deep ground water and thermal systems are pre-bomb 
test (1954) waters. Some mountain spring and shallow groundwater, how­
ever, must be post-bomb water as the spring in Dyer Canyon (DV12 in­
dicates. 
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H.3 Conclusions 
. Two of the three major hot spring systems, Dixie and Sou Hot 

Springs, discharge a mixture of. two waters, each of which is character­
ized by its oWn isotopic composition. One type of water is more depleted 
with respect to deuterium (00 = - 1340/00) and originates at high 
elevations (> 7000 feet). This water moves downward, is heated and 
shifts toward a more enriched 180 content. The second type of water 
is a non - 180 shifted water that plots close to the MWLat .about 
00 = 122%0. This water is derived from precipitation at lower 
elevations .« 7000 feet) than the first water. These waters mix in 
differing proportions, resulting in the composition of the waters 
discharging at Dixie and Sou Hot Springs. The waters from the artesian 
wells' near Dixie Settlement and the hot springs in the vicinity of McCoy 
Hot Springs also exhibit this same pattern. Hyder Hot Springs is dis­
similar to the above systems. The isotopic results are similar to the 
hydrogeochemical results in that they suggest that the Hyder system is 
relatively homogeneous, isolated from the other systems and emanates 
from a different reservoir. Very little mixing with shallow groundwater 
occurs in the Hyder system. Recharge is derived from high elevation 
snows, probably at about the saire elevation as the deuterium-depleted 
component of the waters at Dixie and Sou Hot Springs. 

The waters from DF4S-14 an'd DF66-31 are derived from .high 
elevations (> 7000 feet) snows. These waters become heated at depth 
and acquire the characteristic 180 shift. In addition, the water 
from DF4S-14 may experience a deuterium shift after reacting with 
clay minerals, hydrogen sulfide and organic matter. Waters from 
both wells probably mix with shallow groundwater, either naturally 
and/or by contamination during drilling. It is difficult to draw 
valid inferences from the DF4S-l4 and DF66-2l samples because 'of 
possible contamination; the samples obtained may not be representative 
of the geothermal fluids in the system. 

In summary Dixie Valley represents a major groundwater sink for 
the surrounding basins. Recharge occurs in the mountains. Water 
infiltrated at the highest elevations is discharged in the lowest 
parts of the valley either in hot springs, geothermal wells, in 
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low temperature artesian wells and by evapotranspiration in the 
Humbo1 dt Marsh. 

Contrary to accepted beliefs, here groundwaters with high 
TDS contents are discharged in the mountains whereas low TDS 
waters are discharged in some parts of the central valley. It 
is also possible that waters with geothermal features are dis­
charged in some parts of the mountains. 
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SUMMARY OF LITHOLOGY AND ALTERATION IN SR-3, 
DIXIE VALLEY, CHURCHILL COUNTY, NEVADA 

M. J. Sweeney, July 1980 

INTRODUCTION 

Samples of washed, rotary cuttings taken every ten feet from drill-hole 
SR-3 were examined under a stereomicroscope. A thin-section of the cuttings 
was described from every 100 feet throughout the 1500 foot length of SR-3. 
Detai led descriptions of the cuttings and thin-sections are attached to this 
report. Photomicrographs of the thin-sections are also attached. 

LITHOLOGIES 

SR-3 is in gravels for its entire 1500 foot depth. All the gravel was 
derived from a common source. It is of nearly uniform composition for 1500 
feet, i.e., the same types of clasts occur in about the same proportions 
throughout the entire hole. Metasandstones and phyllites are the most common 
lithic clasts. Locally the gravels are cemented by a mixture of clay±calcite 
containing sand-sized lithic and crystal clasts; this clay-sand material may 
be derived from volcanic ash. 

The rock types present in the gravel are listed below. 

1) Limestone: Black, foliated, very fine-grained, carbonaceous, locally 
phlogopitic limestone. 

2) Phyllites: Black, foliated, carbonaceous phyllites composed of varying 
proportions of biotite, sericite and silt-sized quartz and feldspar. Occas­
sionally porphyroblasts of biotite or of clinozoisite occur in some of the 
phyll ite particles. Often disseminated anhedral magnetite is present. Pyrite 
was observed rarely. 

3) Diorite: Dark grey to dark grey green, fine-grained diorite or diabase. 
The original mafic minerals in this rock type were pyroxenes; in some particles, 
unaltered pyroxene remains, but most often it has been replaced by chlorite 
and/or montmorillonite or sericite±carbonate. Black Fe-oxides, most probably 
mixtures of ilmenite/magnetite, are present in the diorite; locally ilmenite/ 
magnetite is oxidized to earthy red hematite. Pyrite was not observed in any 
diorite fragments. 

4) Metasandstones: White, buff, pale pink, orange and greenish. These parti­
cles are well indurated and never friable. A small proportion of the meta­
sandstones in most every sample contain goethite pseudomorphing a disseminated 
cubic mineral (pyrite??). Only rarely was unoxidized pyrite observed in meta­
sandstone particles. 

1 
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It is composed 1) of clay which appears in thin-section to be. a montmorillonite, 
2) of angular sand grain~ of ~uartz, feldspar, mafic minerals, and carbonate, 
3) of very fine-grained calcite cement, and 4) of sand-, pebble- and cobble­
sized I ithic clasts. The lithic clasts include all of the rock types described 
above in this report. 

The c1ay-sand-lithic material is local .1Y abundant in the hole; its abundance 
seems to correlate with how clayey the unwashed samples are. The letters, 
n, s, m and st in the depth column of the stratigraphic log indicate how 
clayey the unwashed samples are. The symbol "nil indicates that the sample 
was fairly free of clay, "s" slightly clayey, "in" moderately clayey and "st" 
strongly day-cemented. The clay-sand-lithic material is compositionally and 
behaviorly similar ~o the bentonite-g~l drilling mud used in SR-3; ihere is no 
definitive way of deciding which type of material, drilling mud or clay-sand­
lithic material, is dominant in the clayey horizons. Some of the clay-rich 
samples, particularly those at 600', contain pyritic mudstone; the mudstone 
may have been deposited originally as a lacustrian bed. 

The clay-sand material may have originated as volcanic ash. This is suggested 
by the heterogenity of the crystal clasts and by the possibility that the clay 

could be a product of ~ltered glass shards. The clay-sand material and the 
lithic clasts are thoroughly mixed together; the clasts and ash were probably 
transported together to the site of SR-3. 

Thin (less than 1 mm wide) calcite veins were seen in consol idated fragments 
of clay-sand-l ithic material which survived the washing process. Only once 
was a pyrite crystal seen in the calcite veins; the pyrite was attached to 
the surface of the vein. No disseminated pyrite was seen in the clay-sand 
material. 

14) Pyrite crystals±clay: Loose pyrite crystals, which occasionally are 
associated with a white clay (kaolinite?), very fine-grained sericite? and 
calcite occur in all samples below 590 feet. Frequently these crystals are 
oxidized. Possibly, these loose crystals were derived from pyrite deposited 
in open fractures in the con~olidated gravels. 

Alteration 

Unraveling the alteration h'j"story of 'gravels, especially those sampled 
by rotary dri 11 ing, .is not straightforward. The I ithic clast,S may contain 
alteration assemblage~ developed ~riginally at their sources and not at the 
present site. Soft or friable assemblages and veins are easily disaggregated 
by the process of drilling rotary holes and these same assemblages are removed 
from the sample by washing. 

Pytitization. Pyrite occurs 1) as loose particles bf subhedral crystal 
aggregates, sometimes associated with a white clay and calcite, 2) as loose 
euhedral crystals 1 mm or less across, and 3) as disseminatibns in siltstone, 
metasandstones, ~hyllites and mudstones. Nearly all of the pyrite? in the 
metasandstones has been replaced by goethite. A smaller proportion of the 
pyrite in siltstones has been oxidized and even less of that in mudstones 
has been oxidized. The significance of the disseminated pyrite cannot be 
evaluated without knowing if pyrite is present at the source area of these clasts. 

~. 

l 

l 
J 

J 



The loose pyrite crystals are possibly from open veins or from a mudstone 
disaggregated by drilling/sample washing. The total volume of pyrite in the 
samples from SR-3 ranges between 0.1 and 0.5 volume % through the hole, includ­
ing both disseminated and loose pyrite crystals. There is a fair probability 
that little of this pyrite was deposited as the result of hydrothermal proc­
esses occurring at the site of this drill hole, SR-3. The possibility that 
little of the pyrite was locally deposited is supported by the following ob­
servations: 1) only a trace of pyrite was observed in a vein in the clay-sand­
I ithic matrix material, and 2) no pyrite was seen in the diorite/diabase frag­
ments. Both of these lithologies are usually more susceptible to pyritization 
than quartz-rich rocks ~ 

Calcite Veining. Thin calcite veins occur in particles of clay-sand-
I ithic matrix material. Only once was a small pyrite crystal observed on the 
surface of one of these calcite veins. Very fine-grained calcite was observed 
occasionally on the surface of lithic clasts; this material is possibly caliche. 

Quartz Veining. Drusy quartz veins occur in metasandstones and phyllites. 
Most probably this veining is related to events at the source area of these 
particles. 

Opal (?) Veining. Opal-quartz occurs in thin veins in clay-sand matrix 
material. They were observed only in upper 600· of the drill hole. 

Summary. Dri 11 hole SR-3 has sampled 1500 feet of gravels locally cemented 
by sand-clay-carbonate material that is possibly derived from volcanic ash. 
Many of the clasts in the gravel are weakly pyritized; the pyrite possibly was 
deposited initially at the source area of these clasts. 

The only alteration definitely related to the site of the drill hole is 
weak calcite as well as opal-quartz veining developed in the sand-clay matrix 
material. 

Oxidation of pyrite is fairly complete down to 1500·, the total depth of 
the hole. 

I , 

3 



Clay ' Analysis 

An unwashed sample. of strongly clay-cemented drill cuttings was prepared 
for clay analysis. ' The sample selected for analysis is from the 1130 1-1140 1 

interval. The sample of chips was washed in de-ionized water in a blender. 
Sodium tripolyphosphat~was added to peptize suspended c1ay~. The suspended 
material was then centrifuged at 1000 r.p.m:to remove larger than clay-sized 
material. Suspended clay' was dropped by centrifuging at 4000 r.p.m. A por­
tion of the dropped clay fraction was smeared on a glass slide arid air dryed. 
This sample was analyzed by x-ray diffraction. The clay fraction from the 
1130 1 -1140 1 interval contains calcite, montmorillonite, illite and kaolinite 
in order of decreasing abundance. 

Clay · analysis was also made of a composite of clay-sand fragments which 
had survived washing. The sample consisted of fragments collected from through­
out the hole during chip logging. X-ray 'diffraction analysis shows that this 
sample also contains calcite, montmorillonite, illite and kaolinite. Relative 
peak intensities on this ' XRDp~ttern and the pre~iously discussed pattern are 
very similar. Drilling mud does not appear to have strongly affected peak 
intensities obtained on the 1130 1 -1140 1 sample. 

The two patterns are attached to this report. 
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DESCRIPTIONS OF THIN-SECTIONS FROM SR-3, 
DIXIE VALLEY, CHURCHILL CO., NEVADA 

100 1 -110 1 

Number 
Rock Type of 

Part i c1 es 

Limestone: Mostly very fine-grained; grain size 0.1 7 
mm or less, usually 0.01 mm. Rock exhibits fine-
scale foliation. Contains porphyroblasts? or detri-
tal flakes of phlogopite; these mica flakes oriented 
parallel to rock foliation. Very fine-grained carbo­
naceous? particles (=black dust) occur throughout 
rock, distributed both inter- and intragranularly. 
One of the 1 imestone chips contains a vein filled with 
elongate quartz crystals oriented perpendicularly to 
vein walls. Ghosts of fossi Is are sti 11 recognizable 
in most chips. 

Phyllite: Very fine-grained. Composed of foliated 2 
biotite, muscovite and silt-sized quartz and feldspar 
grains. 

Diorite/Diabase: One unaltered chip is composed of 
unoriented plagioclase laths, and lesser pyroxene 
and possibly olivine. In another chip, mafic minerals 
have been replaced by chlorite. In another, montmor­
illonite has replaced mafic minerals, and kaolinite 
has replaced plagioclase. 

Metasandstone: One grain composed of sand-sized 
quartz grains and muscovite-chlorite porphyrob1asts. 
One composed of subangu1ar to sub rounded quartz 
grains about 0.1 mm across; sorting good. Silica, 
clay and calcite occur as cement. 

Marble: Grain size about 1 mm; granoblastic. One 
chip contains patches of chert. Another contains 
patches of more coarsely crystalline quartz (re­
crystallized chert?). The latter also contains 
patches of montmorillonite after an unidentified 
mineral (low birefringence=first order grey; low 
2V, 10-300 ; opt +; good cleavage). 

Chert: Recrystallized; quartz occurs as fine­
grained feathery crystals. 

Silicified Catac1asite: Original rock type not known; 
now composed of subhedral quartz of variable grain 
size. Patches of brown clay (montmorillonite?) form 
5-10% of chip. 

Total Number of Chips Examined 

3 

2 

3 

3 

21 

Percentage 
of 

Sample 

33 

10 

14 

10 

14 

14 

5 

100% 

5 



Rock Type 

Phyllite: This catagqry also includes a few clasts 
of hornfelsed muddy siltstones.; the orily significant 
difference between hornfelses and phyllites is the 
degree or complete lack of fol iation of mica in the 
phyllites. 

Very fine-grained, metamorphosed clayey siltstones 
and si Ity mudstones; usually composed of subequal 
amounts of silt-sized quartz and feldspar and of very 
fine-grained white micas, lesser biotite and of vari­
able amounts of chlorite (0-50%). Micas are ~suallY 
well fol iated. In some chips, biotite occurs in 
sparse, small clots of unoriented crystals; these are 
spotted hornfelses. Porphyrob1asts of c1inozoisite 
also occur in some biotite-spotted hornfe1ses. 

Variable amounts of very fin~-grained, black (= car­
bonaceous material?, magnetite?) are disseminated 
throughout these rocks. Trace amounts of goethite 
occur (after disseminated magnetite?, pyrite?). 

Diorite: Composed of 0.3 to 1.5 mm long laths of 
plagioclase, interstitial chlorite-clay altered mafic 
crystals which comprise 7 to 15% of rock. Interstitial 
quartz forms 2 to 4% of rock. Alteration of plagio­
clase varies from chip to chip; sericite-clayTcarbon­
ate replacement of feldspar ranges between 20 and 70%. 
In the least altered chip, disseminated magnetiie/ 
ilmenite forms 1 to 2% of rock. 

Metasandstones: Fine-grained; sand grains of quartz; 
one contains 5-10% carbonate as cement; one is 
moderately foliated. 

Marble: Fine- to medium-grained. 

Clay-Sand-Lithic Matrix Material: C'layey matrix con­
taining sand-sized, angular crystal fragments of 
quartz, feldspar and pyroxene. This material is 

Number 
of 

Particles 

27 

4 

3 

2 

attached to one of the phyllite chips; presumably, the 
clay-sand material is the matrix for the alluvial clasts. 

Total Number of Particles Examined 37 

Percentage 
of 

Sample 

73 

1 1 

8 

5 

3 

100% 
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290 1 -300 1 

Rock Type 

Limestone: Very fine-grained; foliated. 

Phyllite: Usually composed of foliated, fine-grained 
sericite and biotite in variable proportions and of 
silt-sized quartz and feldspar. Also contains very 
fine-grained, disseminated, black material (=graphite?, 
magnetite?). 

Diorite: Mafic minerals altered to chlorite, mont­
morillonite and calcite. 

Metasandstone: Composed of fine-grained, well 
sorted quartz; calcite cement present in some 
particles. 

Siltstone 

Number 
of 

Particles 

I I 

20 

14 

25 

Clayey Siltstone 2 

Mudstone: Composed of very fine-grained sericite/ 14 
illite, sometimes with biotite porphyroblasts. Traces 
of goethite (after pyrite?) in a few chips. 

Volcanics: Rhyolite?, composed of feathery feldspar 3 
crystals and quartz. 

Marble 5 

Chert: Recrystallized. Composed of very fine-grained, 16 
feathery crystals of quartz; contains variable pro-
portions of silt-sized quartz grains. 

Vein Quartz 2 

Total ~umber of Particles Examined 113 

Percentage 
of 

Sample 

10 

18 

12 

22 

12 

3 

4 

14 

2 

100% 

7 



390 1 -400 1 

Rock Type ' 

Limestone: Very fine-grained; foliated; ±mica; 
contains abundant, fine-grained, carbonaceous? 
material : Black or dark grey .in hand-specimen. 

Phyllite: Fine-grained; foliated; contains variable 
proportions of sericite and biotite, as well as, 
silt-sized grains of quartz and feldspar. Very 
fi ne-gra i ned, black materi a I (graph i te?, Fe-ox ides?) 
is disseminated throughout most clasts. 

Diorite: Sericite-chlorite-clay altered. 

Metasandstones: Such particles range in composition 
from nearly pure quartzites to containing 30% 
sericite±chlorite and/or calcite. Goethite/hematite 
(after pyrite?) porphyroblasts(?) poikilitically 
encloses quartz grains in one chip; no other chips 
contained disseminated goethite and/or pyrite. 

Clayey Si ltstone : Contains abundant sericite/ 
illite as well as silt. 

Mudstone: Composed of very fine-grained unfoliated 
sericite and chlorite . in varying proportions; also 
contains 0 to 30% silt. 

Granite 

Marble: Fine- to medium-grained. 

Chert: Recrystallized to feathery quartz. 

Pyrite: Unoxidized; a free, 0.5 mm grain. 

Chlorite Schist 

Total Number of Particles Examined 

Number 
of 

Pa rt i c I es 

2' 

43 

2 

65 

2 

3 

4 

6 

2 

131 

Percentage 
of 

Sample 

2 

33 

2 

50 

2 

2 

3 

5 

2 

100% 
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490'-500' 

Rock Type 

Limestone: Very fine-grained; usually foliated; 
carbonaceous; rarely contains phlogopite flakes. 

Phyllite: Very fine-grained; composed of variable 
proportions of sericite, biotite and silt-sized 
quartz and feldspar. Foliated. Contains very fine­
grained, disseminated black material, graphite?, 
Fe-oxides? Coarse-grained Fe-oxides, magnetite± 
hematite, occur in trace amounts as disseminations. 

Metasandstone 

Siltstone: Very fine-grained; contains silt-sized 
quartz and feldspar as well as variable amounts of 
sericite/illite±chlorite. 

Marble 

Chert: Composed of fine-grained feathery quartz with 
variable amounts of carbonate and silt- and/or sand­
sized quartz grains. 

Clay-Sand-Lithic Matrix Material: Sand- and pebble­
sized clasts in a clay-rich matrix; this material is 
probably the matrix of the alluvium. 

Total Number of Particles Examined 

Number 
of 

Particles 

15 

23 

14 

3 

12 

10 

2 

79 

9 

Percentage 
of 

Sample 

19 

29 

18 

4 

15 

13 

3 

100% 



590'-600' 

Rock Type 

Limeston'e 

Phy 11 i te 

Diorite 

Metasandstones 

Siltstone 

Mudstone: Pyritic; very soft; pale grey-green In 
hand-specimen; disaggregates on wetting; forms 
about 30% of washed sample, most chips were de­
stroyed in thin-section making procesi -so th~Y 
are rare in thin-section. 

Volcanics: Latite? 

Marble 

Chert 

Vein Quartz 

Clay-Sand-Lithic Matrix Material 

Total Number ~f Particles Examin~d 

Number 
of 

Particles 

·5 

28 

3 

26 

4 

2 

6 

1 

78 

Percentage 
of 

Samele 

6 

36 

4 

33 

5 

3 

8 

100% 
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790 1 -800 1 

Rock Type 

Limestone 

Phyll ite: Composed of very fine-grained foliated 
sericite, biotite (10-70%) and silt-sized grains of 
quartz and feldspar. Contains 0 to 1% disseminated 
pyrite. Rarely contains porphyroblasts of feldspar 
and/or biotite. Almost always contains finely 
disseminated black material, graphite? 

Diorite: Mafic minerals have gone to montmorillonite. 

Metasandstone: Goethite (after pyrite?) in a few 
particles. 

Siltstone: Usually sericitic. 

Mudstone: Composed of very fine-grained, clay­
sized material. Contains 0.1-0.3% pyrite (usually 
oxidized to goethite); contains 0 to 15% silt-sized 
quartz and feldspar. 

Volcanics: Andesite, illite-replaced. 

Marble 

Chert 

Vein Quartz 

Vein Calcite 

Quartz and/or Feldspar Schist 

Chlorite Schist 

Sand-Clay Matrix Material 

Total Number of Particles Examined 

Number 
of 

Particles 

10 

46 

3 

49 

12 

26 

2 

14 

11 

4 

181 

Percentage 
of 

Sample 

6 

25 

2 

27 

7 

14 

8 

6 

2 

100% 

11 



890'-900' 

Rock Type , 

Limestone 

Phy 11 i te 

Diorite 

Metasandstones 

Siltstones 

Mudstone 

Volcanics: Andesite?, altered to clay and hematite. 

Marble 

Chert: Recrystallized. 

Vein Quartz: One piece coated with limonite and 
quartz; one vein cuts marble; one contains vugs' 
filled with clay-pyrite. 

Vein Calcite: Associated with hematite and quartz. 

Schist 

Clay-Sand-Calcite Matrix Material 

Total Number of Particles Examined 

Number 
of 

Particles 

14 

17 

40 

14 

6 

10 

5 

5 

2 

4 

120 

Percentage 
of 

Sample 

12 

14 

33 

12 

5 

8 

4 

4 

2 

3 

100% 
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990 1 -1000 1 

Rock Type 

Limestones: Black; foliated; very fine-grained; 
sometimes contains phlogopite flakes; contains 
black, carbonaceous? material. 

Phyll i tes 

Diorite 

Metasandstones 

Siltstone 

Mudstone: Occasionally contains large flakes of 
phlogopite. 

Marb 1 e 

Chert 

Vein Quartz 

Schist 

Clay-Sand-Lithic Matrix Material 

Total Number of Particles Examined 

Number 
of 

Particles 

27 

25 

91 

8 

8 

27 

12 

2 

2 

204 

Percentage 
of 

Sample 

13 

12 

0.5 

45 

4 

4 

13 

6 

0.5 

100% 

13 



1090 1 -1100 1 

Rock Type 

Limestone 
Ji 

Phyllite 

Diorite 

Metasandstone 

Si Itstone: Some are ch1oritic. 

Mudstone: Composed of very fine-grained clay-sized 
materi a I. 

Volcanics: Chlorite-carbonate replaced. 

Marble 

Chert 

Vein Quartz 

C1ay-Sand-Lithic Matrix Material 

Total Number of Part~c1es Examined 

Number 
of 

Particles 

13 

20 

87 

8 

9 

13 

12 

5 

3 

172 

Percentage 
of 

Sample 

8 ' 

12 

51 

5 

5 

8 

7 

3 

2 

100% 

14 Il 

l 
-(, 

~-1 

-I 

! 

\ 
I 

, \ 

J 

'j 

-r 

J 

I, 

J 
.J 
.J 
!j 

J 
U 

~ 



1190 1 -1200 1 

Rock Type 

Limestone 

Phyll ite 

Diorite 

Metasandstone 

Siltstone 

Mudstone 

Volcanics: Andesite; plagioclase replaced by mont­
morillonite and calcite. 

Marble 

Chert: Recrystallized. 

Vein Quartz 

Quartz Schist 

Total Number of Particles Examined 

Number 
of 

Particles 

25 

17 

2 

81 

7 

II 

8 

9 

163 

15 

Percentage 
of 

Sample 

IS 

10 

50 

4 

7 

0.5 

5 

6 

0.5 

0.5 

100% 



1290 1 -1300 1 

Rock Type 

Limestones 

Phyllites 

Metasandstones 

Siltstones 

Mudstones 

Volcanics: Andesites, clay-chlorite and clay-hematite 
replaced. 

Ma rb 1 e 

Chert 

Vein Quartz 

Quartz-Feldspar Schist 

Se ric i t e S ch i s t 

Total Number of Particles Examined 

Number 
of 

Particles 

13 

32 

65 

9 

7 

4 

12 

9 

7 

160 

Percentage 
of 

Sample 

8 

20 

41 

6 

4 

3 

8 

6 

4 

0.6 

0.6 

100% 
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1390 I -1400 I 

Rock Type 

Limestones 

Phyllites 

Diorite: Primary pyroxene preserved in one chip; 
in most, montmorillonite replaced mafic minerals. 

Metasandstones 

Siltstone 

Mudstone 

Number 
of 

Particles 

13 

38 

5 

96 

17 

14 

Volcanics: Andesites; one replaced by hematite-clay; 2 
another by montmori llonite-illite. 

Marble 

Chert 

Total Number of Particles Examined 

7 

4 

196 

17 

Percentage 
of 

Sample 

7 

19 

3 

49 

9 

7 

4 

2 

100% 



1490 1 -1500 1 

Rock Type 

Limestone 

Phyllite 

Diorite: Mafic minerals replaced by chlorite± 
clays!carbonate. 

Metasandstone 

Siltstone 

Mudstone 

Volcanics: Some are partially sericitized. 

Ma rb .l e 

Chert 

Vein Quartz: In phyllite 

Chlorite Schist 

Total Number of Particles Examined 

Number 
of 

Particles 

14 

35 

8 

88 

18 

11 

2 

27 

11 

216 

18 II 
~l 

Percentage -l, of 
Sample 

6 ·l 
16 l 
4 

41 l 
8 -1 
5 

---1 

13 
'I 

5 

0.5 
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0.5 

100% 
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SUMMARY OF LITHOLOGIES AND ALTERATION IN SR-4 
DIXIE VALLEY, CHURCHILL COUNTY, NEVADA 

M. J. Sweeney, September 1980 

INTRODUCTION 

Samples of washed, rotary cuttings taken every ten feet from drill-hole 
SR-4 were examined under a stereomicroscope. A thin-section of the cuttings 
was described from every 100 feet throughout the 1500 foot length of SR-4. 
Detailed descriptions of the cuttings and thin-sections are attached to this 
report. Photomicrographs of the thin-sections are also attached. X-ray dif­
fraction patterns of two tuff samples are enclosed. 

LITHOLOGIES 

SR-4 intersects 900 feet of rhyolitic, vitric-crystal-lithic tuffs and 
600 feet of carbonate rocks, limestones and dolomites, which are interbedded 
with narrow intervals of calcareous siltstones and sandstones. The tuffs 
overly the carbonate rocks. 

Rhyolitic tuffs: The tuffs were originally composed largely of volcanic 
glass which was deposited as vitric shards, dust and pumice fragments. Shards 
and dust occurring in about subequal amounts usually comprise 75 to 85% of the 
tuffs and pumice fragments 5 to 15%. Devitrification of the volcanic glass is 
variably developed throughout this volcanic section. 

Crystal clasts of sanidine, plag10clase and biotite occur throughout the 
tuff section. The abundances of the crystal clasts are variable; biotite is 
very rare in some intervals. Sanidine clasts usually comprise 5 to 7% of the 
tuff, plagioclases 1 to 5% and biotites 0 to 3%. Quartz crystal clasts were 
seen only in the samples at the bottom of the volcanic section. The feldspar 
crystal clasts usually range between 0.5 and 2 mm in length. They were ori­
ginally subhedral to euhedral in shape, but most have been broken prior to 
deposition. The biotites, 0.2 to 1 mm across, exhibit very dark brown pleo­
chroism, suggesting that they are very Fe-rich. Magnetite is locally exsolved 
from biotite. 

Lithic clasts comprise 5 to 20% of the tuff; their abundance is variable 
throughout this 'section. Clasts of andesites, basalts, latites, quartzite and 
carbonate were seen; the first three types are the most ubiquitous. The lithic 
clasts observed are less than 10 mm in diameter. 

The entire 900' section of this volcanic unit is very similar. Primary 
mineralogy and textures were virtually identical. One of the major variations 
seen in the tuff now is hardness. Most of the tuff is relatively soft and 
also gritty to the touch. However, between the depths of 520' and 640' the 
tuff is hard, exhibits a vitreous luster and fractures conchoidally. Examina­
tion of the thin-section at 590'-600' shows that the vitric components have 
been well compacted and welded. Devitrification to Kspar and quartz is com­
plete. This well welded interval may be the base of a thick ignimbrite unit. 
Other intervals in the tuff have also been well devitrified, but no other 
intervals appear to have been as intensely compacted as the interval between 
520 and 640 feet. 
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Dolomites, Limestones, Sandstones, Siltstones: Beneath the tuffs, SR-4 
intersected dolomites, limestones (both of which are locally cherty), and 
calcareous sandstones and siltstones. 

Cherty dolomites occur in the first 150 feet below the tuffs. Limestones 
occur in the next 60 feet, calcareous siltstones and sandstones in the next 
110 feet, and then silty, locally cherty or argillaceous, limestones occur in 
the lowermos't 280 feet of the drill hole. 

The dolomites and limestones are dominantly fine-grained; they are micri­
tic. Fossils were seen rarely. 

The siltstones and sandstones are well sorted; the calcite in them is of 
detrital origin. 

ALTERATION 

Rhyolitic tuffs: Hydrothermal alteration in the tuffs is seen mainly in 
the glass and in the mafic minerals in the lithic clasts. Only rarely have 
crystal clasts suffered any alteration. 

The volcanic glass has been replaced most commonly by clays and lesser 
c~lcite. Local occurrences of jarosite (90'-100'), gypsum (40'-50', 90'-100') 
and manganese-oxides (10'-20', 180'-240') were observed. Trace amounts of 
hematite and goethite occur throughout the tuff. These limonites replace dis­
seminated and vein magnetite and sulfides; it was : not often possible to deter­
mine which of these was the precursor of the limonites. Trace amounts of zeo­
lites may occur in vugs in the upper portion of the tuff. 
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The extent and type of clay replacement is highly variable. Replacement 
may range between 5 and 100%. The most intensely clay-altered intervals are 
easily identified by observing the degree of rock disaggregation during washing; 
easily disaggregated rocks are intensely clay-replaced. The clay types present 
appear to be variable. X-ray diffraction analysis of clays in the sample at 
590'-600' gives a strong 12.6Ao peak possibly indicative of the presence of a 
~ixed layer clay or possibly of hydrobasaluminite. X-ray analysis of sample 
930'-940' indicates that the abundant white clay is montmorillonite; this rock 
disaggregates completely on wetting. 

The present color of the tuffs is controlled by the typ~ and distribution 
of limonites and/or clays present. Red, pink and orange colored tuffs are the 
result of limonite staining. Bright green tuffs contain a bright kelly-green 
clay mineral, probably celadonite. 

In the interval between 860' and 900', the tuff has been brecciated. 
The spaces among the fragments have been filled with microcrystalline quartz, 
celadonite (1) and calcite. 

Only rarely was fresh pyrit~ seen in the tuffs (at 520' to 530'). 

Slickensided chips derived from fault zones are sporadically present 
throughout the tuff; the gouge chips are usually white and weakly stained 
wi th hemat i teo 
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Dolomites, Limestones, Sandstones, Siltstones: Evidence of hydrothermal 
alteration in the carbonates and sandstones is largely confined to veins. 
Thin calcite veins, less than 1-2 mm wide, with and without pyrite occur 
throughout this interval. Pyrite also is disseminated in these rocks; it 
usually occurs as very fine-grained crystals forming less than 0.2% of the 
rock. This disseminated pyrite may be syngenetic in origin. Traces of 
magnetite also occur as disseminations. Total pyrite content throughout 
the carbonate-siltstone interval never exceeds 0.3 volume % and is usually 
less. ' 

Evidence of faulting occurs throughout the carbonate-siltstone interval. 
Slickensided chips are present in nearly every sample of every rock type. 
Weak hematite stains are present on these slickensided surfaces. 
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SR-4 90'-100' Devitrified Vitric-Crystal Tuff 

This tuff contains sanidine crystal clasts, 0.3 to 1 mm long, most of which 
are angular, broken fragments; they form 5-7% of rock. These sanidines are 
totally unaltered. A few phenocrysts of albite-twinned plagioclase are 
present, 1-2%; they are unaltered. The groundmass is composed of devitrified 
glass shards; the shard outlines are preserved by axiol itic devitrification 
structures. Spherulitic devitrification structures occur occasionally. 
Traces of zeolite minerals may be present in some vugs. 

Jarosite occurs in this tuff; it pseudomorphically replaces individual shards 
and occurs in irregular blebs disseminated throughout rock. Jarosite chips 
as large as 0.5 mm across are present. There is no evidence as to the origin 
of the jarosite; it does not occur in pyrite-like pseudormorphs. Jarosite 
also lines vugs. 

Traces of hematite occur as disseminations (after magnetite). A few, free 
chips of gypsum occur in the section. 

PRIMARY MINERALS: 
Quartz 

Sanidine 

Plagioclase 

10-30% 

5-7% 
50-70% 

1-2% 

SECONDARY MINERALS: 
Jarosite 3-5% 

Gypsum 
Zeol ites?? 

Hematite 

tr 
1-5% 

tr 

Anhedral to subhedral; occurs only in groundmass. 
Grain size 0.01 mm or less. 
Crystal clasts: 0.2 to 1 mm long; unaltered. 
Groundmass: anhedral to subhedral; grain size 
0.01 mm or less. 
Crystal clasts: 0.2 to I mm long; unaltered; 
albite-twinned. 

Pseudomorphically replaces vitric shards and bio­
tites?; also in irregular blebs disseminated 
throughout tuff. Very fine-grained crystals, 
0.005 mm or less. 
Free crystals in sample. 
In vugs; minerals with birefringence up to first­
order red occur in vugs. Colorless; lath shaped. 
Disseminated. 

SR-4 190'-200' Devitrified Vitric-Crystal Tuff 

This tuff originally was composed largely of vitric shards; it also contains 
crystal clasts of: sanidine, 0.3-0.6 mm, 5-7%; plagioclase, 0.3-1 mm long, 
albite-twinned (An 0-40)' 2-3%; and of biotite, 0.3-1 mm, very dark brown 
pleochroism, 1-3%.3 Tne phenocrysts (crystal clasts) are unaltered. The glass 
shards have devitrrfied to quartz, Kspar and clays. Irregular aggregates of 
Mn-oxides are distributed throughout rock; they form 2-3% of rock. 

PRIMARY MINERALS: 
Quartz 10-35% 

Kspar 5-7% 

50-70% 

Anhedral to subhedral; occurs in groundmass inter­
grown with Kspar. 
Sanidine crystal clasts: angular, crystal frag­
ments. 
Groundmass: anhedral to subhedral; grain size 
less than 0.01 mm. 
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Plagioclase 
Biotite 

SECONDARY MINERALS: 

2-3% 
1-3% 

Clay ._ 5-20% 
Mn oxides 2-3% 

C ry s t a I c I as t s : una I tered. 
Crystal clasts: very dark brown pleochroism. 

Very fine-grained; occurs in matrix. 
Black reflecting; brown streak, disseminated ' 
throughout tuff in clots up to 0.1 mm across. 

SR-4 290'-300' Vitric-Crystal Tuff 

This tuff is composed of: glass shards and even finer-grained, gl~ss dust 
both of. which form 80% of rock; glassy pumice fragments, 0.5 to 4 mm, 10% of 
rock; cry~tal clasts of sanidine, 0.1-0.5 mm, 5-7% of rock; crystal clasts of 
plagioclase, 0.1-0.5 mm, 1-2%; and crystal clasts of very dark bro.wn biotite, 
O. 1-1.5 mm across, 2-4%. A very few, tiny lithic fragments of very fine­
grained basalt are also present. Magnetite is disseminated throughout rock; 
magnetite replaces some of the biotite phenocrysts. 

The glass particles have been less than 50% devitrified. Devitrification of 
pumice fragments is more advanced than that of vitric shards and ash. Spheru­
litic devitrification structures occur most commonly in pumice fragments. 
Devitrification products include Kspar, quartz and clay. 

Calcite occurs in narrow veins (less than O. I mm wide); it also replaces feld­
spar phenocrysts, pumice fragments and vitric shards. Traces of celadonite 
(bright green) are disseminated throughout rock. 

PRIMARY MINERALS: 
Quartz 

Kspar 

Plagioclase 

Biotite 

Magnetite 
Glass 

10-20% 

5-7% 
10-20% 

1-2% 

2-4% 

0.5-1% 
30-40% 

SECONDARY MINERALS: 
Celadonite . 
Calcite 
Clay 

tr-I% 
3% 

5-20% 

Groundmass : devitr i fication product of glass. 
Very fine-grained. 
Crystal clasts. 
Groundmass: devitrification product of glass. 
Very fine-grained. 
Crystal clasts: 0.2-1 mm long; 10-90% (average 15% 
replaced by calcite). 
Crystal clasts: very dark brown; 0.1-1 mm across; 
locally, partially replaced by magnetite. 
Disseminated; also common in biotite sites . 
Vitric shards, ash, pumice fragments. 

Bright green; disseminated throughout groundmass. 
Vein and disseminated. 
Alteration product of vitric clasts. 

SR-4 390'-400' Vitric-Lithic-Crystal Tuff 

This tuff is· composed mostly of glass which · includes shards, pumice fragments 
and very fine-grained vitric dust; glass forms 65 to 75% of the tuff. The 
fine dust has been altered to illite/sericite. Most of the shards and pumice 
fragments are unaltered. Crystal clasts of sanidine are present; they are 
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completely unaltered and form 7-10% of rock. Crystal clasts of unaltered 
plagioclase comprise 1-2% of rock. Crystal clasts of biotite constitute 2-4% 
of the tuff; the biotite exhibits dar"k brown pleochroism and is not altered. 

Lithic fragments of andesite, basalt(?), quartzite(?), latite and carbonate 
occur; they are listed in order of abundance. The lithic fragments form 
about 10-20% of the tuff; most of these fragments are less than 5 mm across. 
The plagioclases, both phenocrysts and groundmass laths, are unaltered in 
these fragments. Original mafic minerals, excepting biotite phenocrysts, 
have been replaced by Fe-oxides and clays (montmorillonite?); biotite pheno­
crysts are unaltered. Primary magnetite is disseminated throughout the lithic 
fragments; it forms 0.5-1% of the fragments. 

In one latite fragment, the feldspar phenocrysts have been replaced by epidote. 

SECONDARY MINERALS: 
111 ite/sericite 10-30% 
Montmorillonite? 5-7% 
Fe-oxides 

(goeth i tel 
hematite) 

1% 

Alteration product of glass dust. 
Alteration product of pyroxenes/hornblendes. 
Alteration product of pyroxenes/hornblendes. 

SR-4 490'-500' Clay-altered Vitric-Crystal-Lithic Tuff 

The tuff contains crystal clasts of sanidine which occur as either broken 
crystal fragments or euhedral, Carlsbad-twinned crystals up to 3 mm in length; 
they form 5 to 7% of rock. These sanidines are completely unaltered. Biotite 
crystals are rare, forming less than 0.5% of the rock. Plagioclase crystal 
clasts, up to 4 mm in length, form less than 1% of the tuff; they are com­
pletely unaltered. Lithic fragments of other tuffs and andesites are usually 
less than 2 mm across; they form about 3% of the tuff. 

The groundmass or matrix of this tuff was originally composed of vitric shards 
and dust. The original glass is now composed mostly of fine-grained quartz 
and Kspar; locally devitrified shards exhibit axiolitic structures. Original 
vitric dust is locally replaced by fine-grained clays, celadonite?(green) and 
illite(colorless). Celadonite also occurs in aggregates filling gas bubbles 
and possibly replacing primary biotites. Minor amounts of carbonate are ir­
regularly distributed throughout groundmass. 

SECONDARY MINERALS: 
111 i te(?) 10-30% 
Celadonite 5% 

Carbonate 1-3% 

Replaces glass in matrix. 
Occurs in groundmass; also fills vugs and may 
replace biotite phenocrysts. 
Occurs in irregular patches throughout groundmass. 

SR-4 590' -600' Devi tri fi ed \ole 1 ded Vi tri c-Crysta l-Li th i c Tuff 

This tuff contains crystal clasts of: sanidine, 0.2-2mm long, 3 to 5% of rock; 
plagioclase, 0.2 to 1 mm long, 1-2% of rock; and of biotite, 0.1-0.5 mm 
across, 0.5-1% of rock, exhibits very dark brown pleochroism. None of these 
crystal clasts have suffered any alteration. 

The groundmass was once composed of flattened pumic fragments, vitric shards 
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and dust. The glass has been devitrified to fine-grained, anhedral quartz, 
feldspar and very fine-grained dissemLnated magnetite. Clay also (celadonite? 
=green; montmorillonite?=orange) -occurs in the groundmass; clay spottily 
replaces 10 to 40% (average 20%) of groundmass. 

SECONDARY MINERALS: 
CeladoQite 7-10% 
Montmorillonite? · 7-10% 
Pyr i te O. 1 % 

Alteration product of glass; bright kelly green. 
Alteration product of glass; dirty orange. 

. Vein and disseminated. Occurs in a vein. in an 
intensely clay-replaced chip. 

SR-4 690 1-700 1 Vitric-Lithic-Crystal Tuff 

This tuff is composed dominantly of vitric shards and dust. The dust has 
been partially devitrified to clay(sericite) and to very fine-grained ortho­
clase and quartz. It also contains c'rystal clasts of: sanidine, up to 2 mm 
long, 3 to 5% of rock; plagioclase, up to 2 mm long--these plagioclase crystals 
are strongly zoned, they form 5 to 7% of rock; and of biotites which exhibit 
very dark brown pleochroism--they form 1-2% of rock. None of the crystal 
clasts has suffered any alteration. 

Lithic clasts, fine-grained andesites/basalts?, are usually less than 2 mm in 
diameter. Such clasts form 5-10% of the tuff. The feldspars are unaltered; 
mafic minerals have been replaced by clays (montmorillonite?, illite?) and 
Fe-oxides (goethite, hematite). 

SECONDARY MINERALS 
Sericite/clay 5-20% 

Goethite/hematite 0.5-1% 

Carbonate 2-5% 

Replaces glass dust; also replaces mafic minerals 
in lithic clasts. . 
Alteration product of mafic minerals; some primary 
magnetite is partially oxidized. 
Locally floods rock--rep1aces all components. 

SR-4790 1 -800 1 Devitrified Welded Vltric-Crysta1 Tuff 

This rock was formed as a welded vitric-crysta1 tuff. The glass has been 
completely devitrified. Spheru1 ites, usually about 0.5 mm across, are common 
devitrification structures. Axiolitic structures developed in shards are also 
common. 

Crystal clasts of sanidine form 3-5% of rock; they are unaltered. Clasts of 
plagioclase(?) formed 1-3% of rock; they have been replaced by celadonite 
and ill i te. B i ot i tes have a 1 so been: rep 1 aced by ce 1 ad on i te. Pr i ma ry magne­
tite is disseminated in trace amounts. A weak stain of hematite/goethite is 
disseminated throughout many chips. 

Lithic clasts of 1atite/andesite form less than 50% of sample. 
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This tuff has been subjected to cataclasis or brecciation .prior to devitrifi­
cation. The breccia fragments are -0.1 to 2 mm across. The spaces among the 
fragments have been filled with microcrystalline quartz, celadonite and calcite. 
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SECONDARY MINERALS: 
Sericite 2-5% 
Celadonite 3-5% 

Quartz 1-10% 

Calcite 1-2% 

Hematite/goethite 1-2% 

Replaces plagioclase clasts. 
Replaces mafic minerals; fills vugs; occurs with 
chert in interbreccia spaces. 
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Fills spaces among breccia clasts; microcrystalline 
or cherty. 
Occurs in interbreccia spaces; occurs in post­
brecciation fractures. 
Stains rock. 

SR-4 890'-900' Devitrified Crystal-Vitric Tuff 

This is the first tuff sample from this drill hole to contain quartz crystal 
clasts. Several of those present are rounded and embayed by resorbtion. The 
quartz clasts are usually about 1 mm in diameter; they comprise about 5% of 
the tuff. Crystal clasts of sanidine form about 10% of rock; those of plagio­
clase about 1%. Biotite phenocrysts occur in trace amounts. None of these 
phenocrysts have suffered any alteration. 

The groundmass once composed of vitric shards and dust is now composed mostly 
of anhedral quartz and Kspar; spherulites occur occasionally. Clay alteration 
(sericite/ill ite) of groundmass is weak to moderate. Trace amounts of magne­
tite are disseminated throughout groundmass. 

Calcite and rarely microcrystalline quartz occur as fracture fillings. 

Lithic fragments of andesites/basalts form less than 5% of this rock. 

SECONDARY MINERALS: 
Sericite/clay 10-25% 
Calcite 3-7% 
Quartz 1-3% 

Very fine-grained material occurs in groundmass. 
Vein and disseminated. 
Microcrystalline; occurs in fracture fillings with 
calcite. 

SR-4 990'-1000' Carbonates (limestones/dolomites), Cherts and Devitrified 
We 1 ded Tuffs 

This thin-section contains chips of fine- to medium-grained, recrystallized 
carbonates; these chips form 50-60% of the section. A few of these chips 
contain disseminated chert. Pyrite fills fractures in a few of the carbonate 
ch i ps. 

The next most abundant rock type is chert; most of these chips are carbonate­
free. Chert comprises 30-40% of rock chips in this thin-section. 

Quartz "eye" tuff constitutes 5-10% of the chips. The matrix and plagioclase 
phenocrysts are weakly clay (illite)-altered. 

SECONDARY MINERALS: 
Pyri te 
111 i te 

tr 
2-5% 

Fills or coats fractures in carbonate rocks. 
Alteration product of tuff. 
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SR-4 1090'-1100' Limestones, Sandy Limestones and Cherty Limestones 

This sample contains pure limestones, sandy limestones and cherty limestones. 

About · 30% of the chips are composed of pure carbonate, mostly calcite judging 
by how reactive the rock is to cold, dilute HCL. The calcite is mostly very 
fine-grained (mi~ritic). A few chips contain reI ict fossil structures (bryo­
zoans?, shellfish). A small proportion of these chips have been recrystal-
1 ized to medium-grained marbles. 

About 50% of the 1 imestone chips contain 10-15% sil.t and fine-sand sized 
quartz. Disseminated pyrite occurs most commonly in these chips; pyrite 
occurs in trace amounts up to 0.5 volume %. 

About 15% of the limestone chips contain chert which occurs as microcrystalline 
quartz or fibrous chalcedony. Chert occurs in limestones with and without sand. 
Pyrite also occurs in cherty limestones. 

Thin calcite veins occur in all of the above described chips. 

SECONDARY MINERALS: 
Pyrite 0.5% 
Calcite 2-3% 

Vein and disseminated. 
Vein. 

SR-4 1190'-1200' Calcareous Siltstone 

This rock is composed largely of angular, detrital quartz grains which average 
0.04 mm in size. Quartz comprises about 50% of the rock. Silt-sized ortho­
clase grains form about 5% of the rock. The remainder of the rock is composed 
of calcite. This calcite is also fine-grained; it is disseminated throughout 
the sandstone. The calcite is usually orange or brown in color, presumably 
from exsolved iron. Locally illite is common as a matrix for quartz grains; 
it may form 5-15% of rock. 

Thin calcite and calcite-quartz veins crosscut the sandstone. Vein calcite 
is colorless. Euhedral cubes of hematite-replaced pyrite (or magnetite) up 
to 0.1 mm across are disseminated through the sandstone. 

SECONDARY MINERALS: 
Pyri te 
Calcite 
Quartz 

tr 
1-2% 
1-2% 

In veins by itself and with quartz. 
In veins with calcite. 

SR-4 1290'-1300' Silty Limestones, Argillaceous Calcareous Siltstones and 
Limestones 

Silty limestone is the most common rock type in this sample. Angular, silt­
sized, quartz grains comprise 5 to 30% of these limestones. Most of the cal­
cite in these chips is colorless in thin-section; however, orange or brown-:­
stained calcite constitutes up to 30% of some rock chips. 
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The argillaceous rocks contain 10 to 40% clays (illite? and kaolinite?). Silt 
and fine-grained calcite, present in subequal amounts, are the other constituents 
of the clayey rocks; such chips comprise about 25% of this sample. 

A few pure calcite chips are present. The calcite in these chips is mostly 
very fine-grained (micritic) and colorless. 

Traces of pyrite, both fresh and oxidized, occur in silty limestones and argil­
laceous siltstones. Pyrite occurs in veins and as disseminations. 

SECONDARY MINERALS: 
Pyrite/hematite 0.1-0.2% Vein and disseminated. 

SR-4 1390'-1400' Silty Limestones 

These rocks are composed dominantly of very fine-grained calcite. Angular, 
detrital, silt-sized grains of quartz and feldspar form 5 to 20% of these 
limestones. Clay (illite, kaolinite) can comprise near 15% of the limestone; 
usually clay are present in small amounts. 

Trace amounts of magnetite are disseminated throughout the limestones. Pyrite 
occurs in trace amounts in calcite veins. 

SECONDARY MINERALS: 

Calcite 
Pyrite 

1-2% 
tr 

Occurs in veins. 
Occurs in veins with calcite. 

SR-4 1490'-1500' Limestones 

The rocks in this sample are micritic limestones which contain 2 to 20% silt. 
Clay comprises 5 to 25% (average 10% or less) of these limestones. 

Thin calcite veins, some with goethite (after pyrite?), occur. Traces of very 
fine-grained pyrite and magnetite are disseminated throughout these limestones; 
these disseminated minerals are probably syngenetic. 

SECONDARY MINERALS: 
Calcite 2-3% 
Pyrite/goethite 0.2% 

Veins, sometimes with goethite {after pyrite?}. 
Vein and disseminated; the disseminated pyrite 
may be of syngenetic origin. 
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WHITE-DIVISION Oll' WATER lUtSOURCE.."-.... 
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PINK-WELL DRILLER'S COpy 

Sl'ATE OF NEVADA 

DIVISION OF WATER RESOUR( 
OFPIClt tJSE om y 

Log No ................................................... . 
Permit No .............................................. . 

WELL DRll-LERS REPORT Basin. ..................................................... . 
PI_ complete this form ill Its entirety 

1. OWNER.~.O.1lt..b.l.~n~t .. J1QY..~.lJt.Y.. ... g.9.mn.~U\y. ....................... ADDRESS.l5..Q.Q .... f.t.r.~~ .... H?_.~.lg.n~l:. ... ~9:n~ .... ;?g.~1g..1ng 
................................................................... _ ........................................ :.. ................................. .f..9.rY. ... i!.9.n.h..J .... ~.~.;S§:.~ ....... Z9.J.Q? ............................ . 

~: · .. ·~~~~~~~;:)t~r::=::~::=::~Z:::=:::·~~···~~~·.·.·.·.z.-~.·.·.·:~::.;::::::=::~I::::~::::::::;;;i··~:::J.if.:::;~=::==::::::::J~jJjJiib:iIt::=::=:::::::~~~~··· · 
PERMIT No .. r.he.r.:I.~.L .. Gr.acti.e.nt ... -'Jo.l~ .. Ji9 ..•.... 9..R~.4 ................................................................................................................................. . 

3. TYPE OF WORK 4. PROPOSED USE 5. TYPE WELL 
New Well IX! Recondition 0 Domestic 0 Irrigation 0 Test 119 Cable 0 Rotary ~ 
Deepen 0 Other 0 Municipal 0 Industtial 0 Stock 0 Otber 0 

6. LITHOLOGIC LOG S. WELL CONSTRUcnON 

MawW I Waler Prom To I Thlck- Diameter bOle .... 2=71~L .... inChes Total de£.,th.l.,.5.QQ ..... .feet 
Strata rMSI Casing record. .... 7::: . .5. .... $..~ ........ Q ... ~ .... l5.J_.t.t .. , ......... __ . _ _ ..... 

To~ Soil 01 2 J:. ~{fi(rf Joey ~ Q ... br;.~·'·T;~OJ ... 7'5·~Thick.ness..-... - ............ 
Rh"l"n'it- 2 110 10f _r ran To 

F311lt l-;nuO'~ 110 110 2C .. ~:-it.~ .............. ~ches 1"0 1 260 
Gr3.nit~ 110 140 1.( 

.. - ...... -::·5 .. ·· ...... feet ....... ~ ............... .feet 
... 1 . .Jj.QiL .. feet 

R..rt~lit~ 140 .190 SC 
........... .. ................. 1I1ches ... J . .J.~~ .... 9_.feet 

I ......................... _ _ inches __ ........... __ .feet ......................... feet 
Granit ... 100 420 ;C ............... _._ ........ ..inches .. _._ ............... .feet ._ ................ _ .. feet 
Rhv~lit~ 1;20 15'30 IIC 
Granite r;10 6r;0 l2C 

............. _ .... _ _ ... lnches ... _ ....... _ ..... _.feet _._ ........ _._ .. .feet 

Sandstnna 6150 660 IC 
....... _ ........ _ ........... inches ._ ... _ .... _ .... _.feet ............... _ ...... feet 
Surface seal: Yes 119 No 0 Type ... C.~~e.Dt .......................... 

Fault GmlO'e 660 670 lC ~~~ ~f'f±_:tl~~ .... T.1J.Q.inE. ... Q.~~~.n!.~~L.J.? .. :.-...... feet 
Rhvnlit~ 670 030 26C 
Shal~ 010 91..0 1C 

~~(ei, Yes ~ No 0 

ft"hvDl-;t~ OL.O 11S0 2H 
xitt&"~W'trom.. . .l.-f . .5.Q.Q ...... _.feet to. ..... l ... 4.6..fL ..... .feet 

Sh~' ~ 11'>0 1160 lC Perforations: None 
E rwn 1 -; t,- 1160 1180 2( Type perforation.. __ ... ___ ............. _ ...... _ ............. _._._ ........... 
Fault Gou~~ 1180 1190 l( Sizo perforation_ ... _._ ...... _ .. _ ...... ___ .................... _ ........ 
Shale 1100 1210 2C From._ .................... __ ._. _ _ .. .feet to ............... __ .......... _ ..... .feet 
RhV'nl';t~ 1210 1240 3C From. ...... _ ................. ___ ...... .feet to ..................................... _._.feet 
Shal a 124.0 1280 4( From. .............................. _._ ..... .feet to ... _ .:... .... _ .......................... feet 
Cir::l.l'ti t.- 12130 1290 1C FrolI1..._ ....... __ ._ ....... _ .......... feet to_ ..... __ .. _ ............. __ .. .feet 
~ ;"::1.1. 11200 14.70 lec From.. ..... __ ...... __ .... __ ._ ..... .feet to ........... _ _ __ ....... _ .... .feet 
Rh·.folite 1470 1500 1( 

9. No \'later WATER LEVEL 

Static water leveL. ........... Q ............. Fcet below land surface ... _ .. 9 ........... 
F1ow_ .... _______ ............. _G.P.M ............ _ ................ _ ................ 
Water temperature. ___ .. • F. Quality._ ........ _ .... _ ... _ ..... _ ... .. 

Date started. ...... _ ...... _. __ .. ...J.gJ.!~_.$._ ........... __ .. _ ..... 19{-g. 
10. DRILLERS CERTIFICATION 

This well was drilled under my supervi3ion and the report is true to 
Date completed.._._._ ......... _ ... ~ .. 1J..n~ .... ?:l._ ... _. __ ._ ... 19_ ... the best of my knowledge. 

7. WELL TESl' DATA NamcJ..~.~:r..Q,lg. .... P..L....G.h.rj&~.~.e...l}S e l} ............... _ ................ _ 

PUmp RPM I O.P.M. DrawOowu AlrarHoun~ 

Address .. .5.21 ... ~lr ... A.!~ .. ~.L_~J:y..1 .... ~.~.!~~:?: ....... 22}.9.~ 

Nevada contractor's licenso number~~7.g.Q .............. _ ........................ 

~ . Nevada driller's license number ... _ .. 9Al ......................................... _ ... 
i' . ' 1 L ' '. (/ : . i . "",",- ~ .. ' BAILER TESl' ~ .. ~ 19S0~-··--·- c- -G.P.M: ... _ ... _ . .: .. __ .. __ ._ .. Draw down. .... ~ .. .1eet __ ~ours 

G.P .M .... _ _ ...... _ ........... _ .... _ .... Draw down. .. _ .. .feet . _....:....hours Dar.e ................. _.:r.2.z... .. _ .................... _ .............................................. 
G.P.M ............................................. Draw down. ........... feet ............ houn 

USE A.DDmONAI. SIDrl'S tr NECUSARY 
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